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Scientific acor and their'applications i in industry, communicat 
tions, agrieulture; medicine and war, have caused great changes in 
‘the lives and habits of most.of mankind during the last 150 years. 
Men's ways of thought are not yet accustomed to this change. 
Because of the destructive power of some scientific inventions, 


many men have lost faith in the future of mankind; because of the-- 


marvellous power of other scientific inventions to increase the welle 
being of mankind, many men have expected Science to -find an 
answer to all life’s problems. Both of these views of Science show 
a misunderstanding of what Science is and what scientists can or 
cannot do. How can such misunderstandings be prevented? 

( It is not enough to train expert scientists; they a are necessary, but 
it is equally necessary that ordinary folk should know wfiat scientists 
try to do and how they try to do it./Before they can understand the 
scientists’ work, non-scientists must first learn what Science is. For 
this, a knowledge of scientific facts and principles is not as important 
as an understanding of Science and the methods used in its Say, 
And this understanding of Science must become a part of mep's 
everyday life and thought. 

Understanding comes through education; but the caderstaffdine 
of Science must not remain merely an aim of education: it must 
become part of it. In schóols, isolated coufses in one or anothér 
aspect of science must be replaced by a view of Scien€e as a whole 
and of its part in learning. c D 

That is the basis of the project, in this series of books, to “advise 
and help teachers of Science. The emphasis is pu¢ an. methods of 
teaching and lines of approach to the subject matter, rather than 
on the content of a syllabus. It is hoped that, by the use of gdod 
methods, the teacher will be able to Rad his pupils towards'an appre- 
ciation of scientific methods and an understanding of Science. 
Through sound education, not only will the few receive the basic 
treining that will fit them for specialization later, but the many will 


grow up with an intelligent grasp of Science and its significance in & 
their social and economic life. S = 
ws 
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THE SCOPE OF THE (SERIES 


There de ten volumes in the series, designed specially for Science 
teachers in tropical areas and countries that are not yet highly 
organized and industrialized, and where the ap7lications of Science 
are not yet apparent in the daily life of all citizens:— ? 
The Teaching of Science in Tropical Primary Schools 
II The Teaching of Rural Science in Tropical Primary Schools 
III The Teaching of Health Science in Tropical Primary 
Schools 
IV The Teaching of Home Science in Tropical Primary 
Schools 
V The Teaching of Arithmetic in Tropical Primary Schools 
VI The Training of Primary School Science Teachers 
VII The Teaching of General Science in Tropical Secondary . 
Schools , 
VII The Teaching of Physics in Tropical Secondary Schools 
IX The Teaching of Chemistry in Tropical Secondary Schools 
X The Teaching of Biology in Tropical Secondary Schools 

Volume | is concerned with the teaching of Science to children 
in the age-group 6-12 approximately, who are receiving their first 
formal education. It is designed for students in teacher-training 
colleges and practising teachers in primary schools. They are shown 
how to make the most of the children’s natural interests. 

Volumes II, III and IV also are written mainly for the benefit of 
tne primary school teacher. They treat 3cience at the same level as 
Volume I, bui from different aspects. Thus, Volume II is of especial 
value to teachers in rural schogls: it does not give instruction about 
the teaching of ‘Farming’ or ‘Agriculture’, but uses these activities 
to give practica! examples of scientific methods’ and principles in 
action, Similarly, in Volume III the importance of Health is the 
theme of Science teaching. The book will help any teacher, and will 
be of particular use to those in places where great efforts are being or 
should be made to raise standards of health. Volume IV associates 
the teaching of Science with life in the home, as the basis of a Science 
course for girls. 

Volume V deals with the fundamentals of Arithmetic as an essen- 

tis. component of Science. 
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© © Volume VI is &oncer;fed with ^ihe training of teachers who are to 
give the science lessons. i in Primary Schools, and who, £ i is hoped, 
will adopt the methods suggested to them in Volumes I to’ V. 
Volume VII carries the teaching of General Science to the éarlier 
years of a secontiary course; 4-5 years in the age-group 11-18 
approximitely. It shows how ‘the work cari be' regarded both as a 
course of educational value for its own sake and also as a foundation 
for further studies. It gives full information on laboratory design 
and organization, minimum equipment, and maintenance., 
Volumes VIII, 1X and X discuss the teaching of the three branches 
of Science usually taught in the higher classes of secondary schools. 
The place and treatment of these subjects in junior work also is con- 
sidered briefly. The chief aim of these three volumes is to assist the 
teacher of students who are beginning to specialize, probably with 
a university career in view, i.e. those who are undertaking ‘sixth- 
form’ or ‘scholarship’ or ‘first-year undergraduate studies. 


co 
THE AIMS OF THE SERIES 
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Thvs, the intention of this series of books may be summarized as 
follows:— ¢ 

(a) To help teachers of Science to realize the importance of their 
work in the community; to help them to guide their pupils toe an 
understanding of the significance of everyday occurrences and experi- 
ence; and so to educate them to take an intelligent interest in social 
and economic affairs and to be useful members of their community. 

(5) To show how Science instruction can be organized as a con- 
tinuous whole, in accordance with modern views of co-ordinated 
teaching, and how it can be adapted to meet any special requigements 
of a particular type of school. 

(c) To suggest a comprehensive scheme of ttazhing based on 
sound educational and psychological principles. 

(d) On the basis of the practical teaching experience of the authors 
and the general editor and their advisers, to outline the’ content of 
Science teaching from the Primary to the Pre-University level. 

This series originates in thé need, so often expressed to the United 
Nations Educational Scientific and Cultural Organization, especially 
by those responsible for education in tropical countries, for more 
and better science teaching in primary and sécondary schools. Phese Set 
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educationists share SEP opinion thet traihing in Science is « 
essential i» modern education, to the improvement of health and 
living conditions and the promotion of agriculture and industry. In 
response to their ‘appeal Unesco conceived. the plan and the method 
of presentation of the series and subsidized the^preparation of the 
ten manuscripts. Responsibility for choosing the autho#s and the 
general editor and for the cost of publication was undertaken by the 
Oxford University Press in agreement with Unesco. 
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This book deals with the ‘teaching of Science to pupils in their first 
_ three, fouf, or five years at the secondary Stag&: that is, with the 
instruction of boys and girls in the age-group 11-18. Thus it is con- 
cerned with the type of work which is a continuation of the primary 
courses considered in Volumes I to V of this series. (Teachers of 
pupils who have received no elementary introduction to Science 
would be well advised to refer to those volumes. If such children aré 
to gain full benefit from a secondary course, it is essential to ‘fill 
in the background") 

The book is intended to give particular help to the young teacher, 
or the teacher-in-training, in presenting Science as a whole rather 
than several separate ‘subjects’, and as an integral part of the school 
curriculum. By adopting this broad outlqok, and ‘treating his 
material accordingly, the teacher is more likely to achieve his main 
objeetive—the development in his pupils of some genuine under- 
standing of Science. A further aim is to provide useful information 
and advice for those who teach under difficult conditions. 

A. teacher's work cannot be effective or successful unless whatehe 
teaches is part of himself. However widely he may read, whatever 
the model lessons he may use for guidance, his General Science 
teaching does not become, vital until it is his experiment, his con- 
trivance, Ais method which are being used. Hence itis hoped that 
the material offered here will stimulate as well as guide, and will 
encourage the teacher to try out things for himself as well as provide 
a source of information. 

The originators of some of the suggestions given-i» these pages 
have been forgotten and cannot be thanked by name. It is possible 
only to pay tribute to their enthusiasm and skill, and to hope that 
those who devise new experiments, contrivances and methods for 
the better teaching of General Science will be equally willing to share 
them with their fellow teachers. 

‘The author wishes to record his thanks for the useful information 
supplied by the following firms: Messrs. Phillip Harris, British Drug 


Houses, Chad Valley, Imperial Chemical Industries and Meccano, 
A: 
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The values gf science in modern fife ro 


‘Practical value — The practical value of scientific knowledge forces 
itself on the attention at every turn. New areas of the world are being 
opened up for cultivation and development as a result of recent dis- (7) 45 
coveries in genetics and soil chemistry. Scientists have discovered new 
materials and have devised new methods, so that fresh industries® 4 
are arising and the old balances of trade and commerce are being 
readjusted. The history of our own times is being profoundly affected 

by the development of rapid means of travel, and by the speed with 
which ideas, both true and false, can be spread to every part of the 
world. Many tasks, from the dating of fossils to the assessment of 
the value of unexploited oilfields, have been simplified b the use of 
new methods which scientists have placed in thé hands of workers. — 
It is {rue that one product of the scientists’ inVention, the atom 
bomb, may be used to destroy large areas of the world. On the other 
hand the scientists can provide the means to feed the earth's ever- 
increasing population, which otherwise will be in danger of f perishing 
from starvation. 


Intellectual value —Science has more than the obvious practical 
effects to offer. It has its own' disciplines. Its putsuit requires diligence 
and patience. The scientist must have a high regard Tor truth; he 
must base his judgements upon facts alone and must net be misled 
by prejudice. He must be willing to subject his claims, his arguinents 
and his conclusions to the searching examination of any who may 
care to challenge them. Politicians and economists, administrators 
and men of commerce, and all who are involved in public life, mày 
sometimes find it hard to imitate thescalm detachment and unemo-' 
tional judgements of men of science. But the existence of a body ` 
of men devoted to the pursuit of truth cannot fail to have its effect 
upon the whole of a nation’s life. 
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Aesthetic value — There,is an aesthetic side to the scientist’s activities « 
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and to his contribution to human cultüre. On the lowest level 
he has the satisfaction, of adding to the sum of human knowledge. 
On a fiigher level he enjoys the Subtle pleasure of devising some 
hypothesis which fits a diversity ‘of facts, and of opening up new 
areas of knowledge. Appreciation of ‘fitness fur purpose’, the suit- 
ability of an apparatus for the job for which it was designed, can 
give great inward satisfaction. There is a pleasing skill in avoiding 
or eliminating sources of error, and in particular the errors of. 
human,observations. Wonder is aroused by the neatness with which 
some material quality, or some living activity, can be sorted out 
from other qualities or activities for examination and demonstration. 
There is an elegance that runs through the logic and handiwork of 
scientists. It is seen in the formulae of the mathematicians; it is 
equally seen in the experiments and observations of the great 
naturalists. The very simplicity of the great generalizations of science 
stirs the imagination. With microscope and telescope the scientist 
opens up new worlds ,of wonder and beauty. A speck of living matter 
becomes a creature of incredible beauty, a snowflake more lovely 
than diamonds; a distant star becomes a universe. It is at this 
level that»science shares, equally with the arts, the privilege of 
contributing to the aesthetic development of the human race. 
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The extent of scientific enquiry 
Scientists are interested i in a wide range of knowledge. 

” First comes MATHEMATICS. Its logical methods provide the appara- 
tus by which all scientific calculations are made. 

That brarich of MECHANICS called DYNAMICS deals with the appli- 
cation of mathematics to the study of things that move, the calcu- 
lation of velocities and accelerations, of work and horse-power. 
Another branch, called STATICS, is concerned with conditions under 
which forces are balanced, how bridges support weights and cranes 
carry loads. HYDRODYNAMICS dnd HYDROSTATICS deal with calcula- 
tions about fluids in motion and at rest. 

PHYSICS deals with the measurement of the various properties of 
material things: their density, resistance to bending or stretchiag, 
their ability to retain heat or to conduct it, and the heat changes 
that take place when substances melt or boil. Physics also deals 
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with the measuregegt of iis spéed Of light and the properties of 
lenses; with the speed of sound and the frequency of its wibrations. 
The numerous effects of electricity give the physicist wide pape for 
measurements of many kinds. . 
. CHEMISTRY, relying a great deal upon information supplied by the 
physicist, is concerned with what happens «when materials change 
' their composition: for instance, what happens when iron changes 
into rust, or chalk is made into lime, or when an organism digests a 
complex food. For in all these changes a change in the grogping of 
atoms takes place. The physicist sees matter in three forms, solid, 
liquid or gas. But the chemist divides matter into two types, element§ 
and compounds: elements cannot be analysed into anything simpler; 
compounds are made up of two or more simple substances, more 
closely joined together than is possible by mere mixing. 

ASTRONOMY deals with matter on the very large scale seen in the 
universe. It is concerned with the arrangement and movement of the 
heavenly bodies, and the physical and chemical changes taking place 
in them. 

With the study of BIOLOGY the scientist, for the first time, asks 
questions about the nature of living things, and how they affect, and 
are affected by, their surroundings. This ‘science of living things’, 
which is what the word ‘biology’ means, may deal mainly with 
plants, when it is called BOTANY, or with animals, when it is called 
ZOOLOGY, or with bacteria, when it is called BACTERIOLOGY, and so 
on. There are many sub-divisions. 

There is no exact dividing line between the sciences. Sometimés 
the area of common knowledge and interest is given a special name. 
The chemist may be interested in those physical measuréments which 
help him to find the composition of the chemical with which he is 
dealing. That area of knowledge is called PHYSICAL CHEMISTRY. The 
biologist may be studying the chemical changes which take place in 
living cells, and that area of knowledge i is named BIO-CHEMISTRY. 

Theeprocess of selecting a small fraction of knowledge and giving 
it the status of a separate ‘science’ continues apace, as indeed it must 
as long as the knowledge that scientists are gaining continues to 
aecumulate so fast. The wholeis far beyond the grasp of any one mind. 

A chart indicating the connexions between some of the sciences is 
given in Figure 1, page 4. 
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Statistics 


Navigafion 
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Automobile 
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Telecommunications 
Power generation 
Power transmission 
etc. 
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Water supplies 
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etc. 


Electro-chemical 
processes 
Coal products 
Petroleum products 
Synthetic fibres, 
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Explosives 

Oils and fats 
Soap 

Food industries 


Pathology 
Surgery 
Dentistry 


Fisheries 
Husbandry 
Genetics 


Forestry : 
Crops 

Soil science 
Extraction of metals 
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FIGURE 1.—A chart: indicating connexions between some of the 
many ‘sciences’ and their sub-divisions 
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. The assumptions of scéenc 
Scientists make two assumption$: that there is a reason for every- 
thing that happens, and that the same causes will always bring about 
the same results if the conditjons are unaltered.*Faith in the "fir 
assumption gives the scientist hope and encouragement in his end- 
less seeking; faith in the second makes it possible for other scientists 
to repeat the experiments which have been carried out, in order to 


check the results. 
LJ 


The limitations of science d 
There is, however, a vast range of knowledge and experience from 
which the scientist, as a scientist, cuts himself off. He concerns him- 
self with the material facts of the universe and the order of its 


development, but not with the reason for its beginning or the goal D 


of its ending. He is interested in living things, and how ghey fit into 
the existing scheme of things, but not in theequestion of why they 
exist at all. He is interested in things, but not in,values; in how to 
make an atom bomb, but not in the rightness or wrongness of its 
use. To him, as a scientist, marble is calcium carbonate, whether 
it be a discarded chipping from a quarry, or a Greek statue. 

Science is not concerned with describing things as “goagl’ or ‘eva’. 
Nor is it concerned with actions to which the words ‘ought’ or 
‘ought not’ are appropriate. As a private individual the scientist 
may be deeply concerned about all these matters, but his scientific 
experience does not qualify him to give an expert opinion, and his 
judgement is of no more value than that of an intelligent person in 
any other trade or profession. In«fa&t his opinion on such matters 
is of much less value than that of an intelligent person who has made 
à special study of these problems. 

The modern scientist, though proud of his calling and zealous, in 
the search for truth, is yet a humble man. He knows that allfor which 
he labours is, at the most, but one facet of truth. He is willing to 
suspend judgement in problems outside the scope of his limited 
interests. And among the wisest there are some who are, as Darwin 
wis, acutely regretful that the years spent in the pursuit of scientific 
knowledge have left them with too little acquaintance with, music, 
literature, poetry, and the art of gracious living. 
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His specialist knowledge may be limited'in range. Yet, in so far.as 
his passivn for truth and his ability to, marshal facts and to draw 
logical conclusions äre transferable attitudes and skills, the scientist 
makes a contribution to the world that is second to none. 
. There is limitation in science itself, and because of it the science 
teacher is often required to make a difficult decision. The teacher, 
and in due course, the student, must realize that what the scientist 
produces as an ‘explanation’ is not an explanation at all. The scien- 
tist merely puts similar phenomena into the same pigeon-hole, or at 
most takes the question only one stage nearer solution. 
Water rises up a narrow glass tube. Why? Because of surface ten- 


` sion. Should the teacher pursue the matter further or should he be 


content to leave it there? After all, the phenomenon has been noted, 
docketed and filed, and placed in this pigeon-hole labelled ‘surface 
tension’, along, maybe, with facts about drops, the shape of a menis- 
Cus, pressure inside bubbles, certain water-beetles, and so on. Now 
it is quite legitimatg for the teacher to leave it there, provided that 
he realizes that the question, ‘Why does water rise up a narrow glass 
tube?’ has not been fully answered. He should be prepared to admit 
this, even jf he takes no active steps to demonstrate that, so far as 
his knowledge is concerned or the syllabus demands, all have arrived 
a$ an educational terminus. 

But the better equipped teacher dare not ‘leave it there’. Plainly, 
and of his own initiative, he should go on to ask, or elicit from the 
class, the question, ‘But what causes surface tension? And the 
answer is, 'attraction between the molecules of which matter is 
made up’. This answer, too, only puts the problem one stage nearer 
solution. For the next question.is obviously, ‘Why do molecules 
attract one another?’ If the answer is given that ‘all bodies attract 
one another', that only puts the phenomenon in the pigeon-hole 
with many other evidences of gravitational forces, it does not explain 
why gravity acts as it does. Instances could be multiplied. 
| But how far and how freqüently these skirmishes into the un- 
| known should be made must remain a matter for the teacher to 
judge. His own limitations, the age and alertness of his class, the 
restrictions of time-table and curriculum, are the factors which will 
govern his decision. But when an intelligent class becomes suddenly 
aware that the usual answers merely push the problem one stage 
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backwards, and the teacher and the Glass join in the chase for the | 
ultimate answer, the experience for both teacher and Gass is an 
exhilarating pne. C e cues 
H e P A 
[] LI ® i s © 
The methods of science 2 sh 
` It is the business of the scientist to accumulate knowledge about the 
universe and all that is in it, and to find, if he is able, common factors 
which underlie and account for the facts which he knows. He 
chooses, when he can, the method of the ‘controlled experiment’. 
If he wants to find out the effect of light on growing plants, he take 
many plants, as alike as possible. Some he stands in the sun, some 
in the shade, some in the dark; all the time keeping all other condi- 
tions (temperature, moisture, nourishment) the same. In this way, 
by keeping other conditions constant, and by varying the light only, 
the effect of light on the plants can be clearly seen. This method of 
using ‘controls’ can be applied to a variety of situations; and can be 
used to find the answers to questions as widely different as ‘Must 
moisture be present if iron is to rust?’ and ‘Which variety of beans 
gives the greatest yield in one season?" e 
In the course of his inquiries the scientist may find what he 
thinks is one common explanation for an increasing number of facts. 
The explanation, if it seems consistently to fit the varidus facts, is 
called a hypothesis. If a hypothesis continues to stand the test of 
numerous experiments and remains unshaken, it becomes a /aw. 
The ‘laws’ of science differ from the ‘laws’ of a country in two 
ways. First, a scientific law is liable at any time to néed modifying. 
This happens when a fact is discovered which seems ¢o contradict 
what the ‘law’ would lead one to expect. The ‘law’ may, in fact, 
have to be abandoned altogether. Second, a scientific ‘law’ says 
‘This is likely to be the explanation’, or ‘This accounts for the facts 
as far as we know them’. But the ‘law’ of a country says “You nfust 
.., or ‘You must not. . .’ The scientific ‘law’ has no móral force; 
it is not binding on human behaviour nor approved or opposed by 
human conscience. 
eThe scientist is always most gratified to find that an underlying 
‘explanation’ of many phenomena suggests'in its turn the possi- 
bility of proving, without more ado, its own accuracy or falsity bya , 


8 TEACHING OF GENERAL SGIENCE 


9 V 
A 3) vie ®.9 » - E a 
suitably arranged critical experiment. He ïs also,gratified when his 
‘explanation’, if true, points to a now series of experiments designed 
to ‘answer a new set of questions. Fór the curiosity of the scientist is 


never satisfied. " , 
D d ) 


The rapid increase of scientific knowledge 


The evidence as to the vastness of the universe and the complexity 
of its arrangements continues to grow at an amazing rate. The gap 
between what we know and all that can be known seems not to 
Uiminish, but rather to increase with every new discovery. Fresh 
unexplored regions are for ever opening out. 

‘The rapidity of the increase of scientific knowledge, in the nine- 
teenth and twentieth centuries, is apt to give students and teachers 
the impression that no sooner is a problem stated than the answer 
is forthcoming. A historical chart such as that in Appendix A, 
page 283, sümmarizes some of the main advances in our knowledge, 
and at first sight almost appears to confirm this wrong assumption. 
A more detailed study of the history of science corrects the impres- 
sion that fundamental discoveries are made with dramatic sudden- 
ness. Even in our present age no less than fifty years separate the dis- 
coyery of radio-activity from the explosion of the first atomic bomb. 
Much of the fundamental information which now enables us to 
control the onset and duration of disease was known a century ago. 
The teacher, giving his brief accounts of scientific discovery, is apt 
tó forget the long peridds of misunderstanding, of false hypotheses 
and general uncertainty, which almost invariably precede the clear 
statement of'scientific truth. > 


The challenge of unsolved problems 


The vast mass of information which the scientists have gained has 
still not provided the answer to the fundamental questions which, 
through the centuries, have puzzled and sometimes tortured the 
human mind. There are many such questions. For example, how 
do we see? We know that light is focused by the lens of the eye on 
the retina, where it stimulates chemical activity, which in turn sets 
» up electric currents in the nerve ends comprising the retina. We 
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know that these currents? after passing through intricate Suter: 
connexions, travel to the brain along a bundJe of nerves called the 
optic nerve. But the deeper, unsolved problem is:*how does tht brain 
interpret the innumerable electric impulses in such ‘a way that we 
say ‘I see a house’ dr ‘I set boys playing with a ball’? Where lies® 
the commog brain which determines the propottionate activities 
of the various members of an anthill or a beehive? The study of 
parasites has provided evidence that organisms which could be self- 
supporting have become parasites, but hardly any light has been 
shed on the problem of why they should have done so. What enables 
an organism to respond to the poisonous secretions of harmful bac- * 
teria and organize its resources to defend its life? What enables a 
complex organism to extract, out of one blood stream, materials 
appropriate to building bone tissue here and to renewing muscle 
tissue there? What orders the mechanism so that hormones are sent 
into the blood and living tissues respond? 

The effect of living organisms on their surroundings, thé sequence 
of life-processes, the constitution of living cells, the mechanics of 
heredity, are better known every day. But the nature of the ‘life- 
force' is as obscure as ever. What makes the difference so that we 
say of this, ‘It is dead’, and of that, ‘It is alive’? Our ability to control 
disease is evident on every hand, but why animate nature should be 
plagued with disease at all is shrouded in mystery. 

When the teacher deals with the immature and impatient minds of 
younger children he may well emphasize the ‘wonders’ of science, 
its conquests and its triumphs. But the minds of more mature students* 
are often best stimulated by being made aware of man’s ignorance, 
rather than by being given accounts &f man’s knowledge. It is the 
superior mind which is attracted by the unknown. 


The need for science i t 


There are countries in which unnecessary poverty prevails "because 
the people as a whole are unaware of methods whereby it’can be 
relieved. There are vast tracts of land, abandoned or never cultivated, 
which could support a thriving community if full use were made of 
the knowledge and skill of scientists. There are innumerable people 
suffering from diseases which can be cured, and from which, by 
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following simple scientific rules of hygiéne,.they need never again 
suffer. There are vast storehouses of natural power, such as the , 
wind, waterfalls aid the heat of the sun, which science can show 
how to harness for the relief of human drudgery and for raising the 
"standard of living. The possibilities are enormous. j 
But the difficulties in the way of effecting a change for the better 

. are not less enormous and are often overlooked. The full benefits 
of science can only be gained with the co-operation of the people - 
in need of assistance. That co-operation is regrettably ineffective — 
unless the people also have some understanding of the means used. 

* A sterilized bandage brings no cure to an infected wound. It is all | 
too easy for the ignorant to believe that fifty doses of medicine, taken 
at once, will produce a cure fifty times as fast as a single-dose taken 
on fifty successive occasions. Farm machinery, broken down and 
neglected for lack of skilled mechanics, can be a source of loss rather 
than of profit. The finest seed, sown at the wrong time or under the 
wrong conditions, may have a disappointing yield. If the methods 
recommended by the scientists are applied by those who have some . 
knowledge of science, then great benefit can follow. But jf that 
understanding co-operation is lacking, then frustration is added to 
poverty. l 
» To raise the standard of living in any country, two things are 
needed: scientific knowledge, and a population sufficiently educated 
to understand how to apply it. Without the latter, the expected - 


benefits will not come. 
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"The importance of science in the world is now recognized, and it is + 
generally accepted that some knowledge of science is an important 
part of a liberal education. We are living in what is called ‘the 
scientific age’. Any education intended to fit us for graceful and pur- 
poseful living will be grievously ill-directed if it takes no account of* 
the intellectual climate of the present day, permeated as it is with the 
ideas and hopes of the scientists. j 

The study of the arts has its own rewards, but they are of the 
mind, and are slow of growth. The study of the sciences also has 
its rewards, and they too are partly of the mind, but much more are 
they practical, of immediate benefit, to be enjoyed forthwith. 

The inclusion of science in the curriculum is not only justified by 
the tzemendous influence of science upon our modern civilization. 
The nature of the subject makes it worthy of a place for its own sake. 
It provides methods which, applied to a mass of data, can extract 
broad generalizations, with much resulting economy of human time 
and thought. Within its own set limits, it exercises a creative function 
in drawing order out of chaos. By the stimulus it can proyide to the 
imagination, by the precision it demands in the use of language, by 
the emphasis on logical order and sequence which it constantly im* 
presses on its students, it makes a contribution to intellectual and 
emotional growth which cannot wisely be neglected. Half a century 
ago science was struggling for a place in the scheme of education. 
Today, there is a danger that the subject may displace some of the 


older, but no less valuable, educational disciplines. " 


e : e 
The aims of science teaching 

The first and obvious reason for teaching science is to give informa- | 
tion about the world in which we live. This needs to be built up into ' 
an orderly body of knowledge, and into this system must be fitted the 
phenomena with which the pupil himself is familiar. He thén finds 
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himself in a world of related happenings, of fundamental and curious; 
similarities. He discovers, for example. that vibrations and move- 
ments tend to travel in waves, that living cells everywhere conform ~ 
to 'the same pattern, and that every flower, the world over, is a 
‘Variant of, even if it does not achieve, 4 standard arrangement. A l 
pupil may learn ‘of several extraordinarily different ;ustances of 
resonance, but his amazement at their variety must be supplemented 
by appreciation of the fact that one explanation is common to all: y 
he should understand, and be stimulated by, the idea of that one 
single thread woven through the whole fabric. 

/ Probably the most important purpose of science teaching is to 

| make the pupil aware of the methods and attitudes of scientists. 

' He should be encouraged. to endeavour consciously to apply the 

_ Various disciplines in other walks of life. These disciplines demand 

| accurate observation, the selection of relevant facts uninfluenced by 

| prejudice, patience to carry through impartial experiments, an aware- 

| ness of the possibilities of error and knowledge of the means to re- 

| duce them, an ability to estimate the value of information gained, 
the skill to formulate hypotheses and a willingness to test their-truth. 
The pupilsmust be given every opportunity of applying these disci- 
plines in seeking the answers to his own questions. 
» Thus he may come in time to possess a mind informed by a body of 
organized knowledge, to have his curiosity aroused, his powers of 
observation trained, and his judgement developed. There should be 
built up in him an uncompromising regard for facts as distinct from 
opinions, a readiness to revise theories in the light of additional 
knowledge, a certain air of detachment in the face of a problem, and 
an unwillingness to become emotionally aroused in an intellectual 
process. He should be prepared to keep an open mind, to reach no 
conclusion at all if he has inadequate information. P 

Practical work is essential to the main purposes of science teaching. 

It has, besides, a value of its own. Some people have a natural gift 
for devising ‘gadgets’, apparently being able to visualize some suit- 
able contrivance to meet any particular mechanical need. They are 
quick to judge shape, size or distance, and have a ‘feel’ for the 
adjustment of mechanisms. Such gifts of improvisation, invention 
and manipulative skill, are the foundation upon which industrial 
development is built. In countries where mechanical devices are not 
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,yet,in common use, the chool has dponsibilities for the speci 
provision of opportunities fgr the development of the skilés neces- 
sary in a mechgnical age. The industrialization of country cafinot be 
based solely on the training of engineers and other experts: it must 


depend to a great extent orf the? nimble fingers and skill of the mass" 


of the population. One of the aims of science teaching must be to 
help to encourage the growth of these basic skills. z 

In the course of his studies, a pupil should learn something of the 

history'of man's conquest of nature. He cannot do this merely from 
the biographies of a few famous scientists. The work of lesser men, 
upon which great generalizations of science are often based, must be 
recognized. Something is also needed to illustrate the difficulty of 
original thinking, to show how even men of genius can miss what, in 
the light of later knowledge, seems so obvious. Topics at once suggest 
themselves: e.g. ‘the alchemists’, ‘the theory of phlogiston’, “the 
invention of the electric lamp’. The scientist is engaged i ina difficult 
pursuit, and success is often attained by the cozoperation of many 
rather than through the work of single individuals. Thus the pupil 
may not only learn to admire the great men, but also to appreciate 
the efforts of others, and to be prepared, himself, to playa humble 
and helpful part. 

To arouse a sense of wonder in a pupil is one of the most rewards 
ing experiences a teacher can enjoy. A teacher of science has un- 
equalled opportunities of doing this. The kind of reaction he desires 
most is not merely the temporary, uncritical wonder which can be 
produced by some shining, complicated apparatus—a w wonder whick 
can equally well be aroused by the sight of the inside of a radio set, 
the instrument panel of a motor-car® exposed for repairs, Or, the 
projection apparatus of a visiting camera van. It is, rather, that 
quality of wonder only aroused when the underlying principles of an 
ingenious device are understood, or when the imagination is first 
stirred, for instance, by appreciation of the vertebrate pattern or any 
of nature’s designs among living creatures. 


Thg place and importance of General Science 


The pupil often makes his earliest acquaintance with science under 
the guise of ‘Nature Study’. The facts presented are those which 
c 
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are of immediate and — interest. Questions such as these are 
asked: Where does chocolate come from, and who grows the cocoa? 
‘What’ are the stages in the life of the caterpillar that destroys my 
, father’ s crops? «Is it a fact that the parent birds rear their family 
"and look after their little ones just as my father and mother look 
after my brothers and sisters and me?’ ‘What things are needed to 
make the plants around me grow?” During this stage in the pupil’s 
career, one of the most important tasks the teacher has to perform 
is to wean him away gradually from the narrow and personal ap- 
, proach; it is unreasonable suddenly to restrict his curiosity to one 
' branch of science in which he may be little interested. His study of 
nature needs to be extended by the development of an attitude of 
detachment; he must move towards the scientist's view-point. Facts 
about the material world in which we live are of interest in them- 
selves, not merely because they have an immediate relation to our 
daily lives; The special interest in things that affect the pupil person- 
ally remains; it shoyld remain with him all his life, but more needs 
to beadded. — 

Science is a unity. We may take biology, and add chemistry, and 
add physics, and add the rest of the sciences, but the sum of them 
all does not make up what is implied in the word science. Science, 
she whole of it, is like a symphony. Each musical instrument can 
play a solo on its own account, but forty solo instruments, when 
played together, do not necessarily produce a symphony, however 
well each instrument may be played. So science is more than a collec- 
"tion of sciences. The one over-riding and compelling reason for 

| teaching General Science is that a pupil shall be aware of this oneness 

| of all scieritific knowledge; œr at least that he shall be given an 
opportunity of realizing it. Some knowledge of world history and 
world geography is recognized as desirable at the eleven to sixteen 
years’ stage. The case for introducing a wide range of scientific facts 
is equally strong, An immense amount of valuable material, acquired 
in the study of one branch of science, has sometimes lain unused and 
unprofitable because its relevance to some other branch of science 
has not been realized. It is impossible to know, in the early stages, 
which branch of science may attract a pupil most, or, in the end 
perhaps, provide him with a career, 

The question is often asked: ‘Is it possible to provide a student 
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» with a glimpse of thetvastness of the field in which scientific methods 
can be used with profit, and nof'at thé same time make hi$ acqugin- 
tance with i so superficial as to be useless, and so shallow as to 
provide no mental discipline?’ This question is baged on aemisleading 
use of a metaphor ‘which ‘likens intensity of study to thickness, and 
breadth of study to area. The metaphor could, in fact, be used to 
imply an affirmative answer. Given an amount of material it is 
surely a fact that, spread thin and welded into a tube, it is more 
robust than when packed into a solid rod of the same length. A 
little information can be precise, there is no need for it to be vague, 
To understand how a machine works it is not a matter of great 
consequence whether the amount of material that is churned through 
it is large or small. So with the material upon which an understanding 
of science is to be based. 

It has already been pointed out that the branches of science 
cannot be completely separated. As more attention is given to matter 
common to two specialist sciences, more andgmore names are in- 
vented to describe the area of common interest. Physical chemistry, 
bio-ehemistry, bio-physics and electro-chemistry are some of the 


names which illustrate this tendency. As the interlocking and over- - 


lapping of the various sciences become more and more evident, so 
the reason for the study of General Science, rather than pne scienee 
only, becomes more and more apparent. 

Under the title General Science is developed a syllabus which 
seeks to provide sufficient information for the pupil to appreciate 
the application of scientific methods. The syllabus draws attention 
to the vast field in which scientists work. It also tries to present 
science as a whole, a vision whiclf a pupil who has beeg too 
early restricted to one or more specialist sciences, may never 
see, 

* LJ 


v The coutent of the General Science syllabus 
So vast is the field of knowledge which the modern scientist surveys 
that it is no small problem to decide what facts shall indeed be 


taught. The following points should be kept in mind:— — — 
(a) We must determine what is fundamental to all the sciences, 
and from the abundant material available must decide what most 
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readily provides the data upon which the"ose important generali- , 
zations of science can be baséd. * — , 

(5) The selection must be controlled by the aims of science teach- 
ing. There are, for instance, several ways of obtaining the formula 
which connects the focal length of a lerfs with"the distances of an 
object and its image. It'does not follow that the method which seems 
simplest to a mature mind is necessarily the method which the pupil 
will most readily understand. The question arises, ‘What ideas can 
be assimilated by pupils at the various stages of their school careers? 
Some scientific generalizations are in themselves easy to understand. 
‘They can be demonstrated by experiments within the capacity of the 
pupils themselves to conduct. Boyle’s law and Ohm’s law are ex- 
amples. The tropisms of roots and shoots of living plants are simi- 
larly easy to understand and to demonstrate. Other topics are more 
difficult: for example, the methods by which atomic weights can be 
inferred from the more easily determined equivalent weights—the 
reasoning requires 3 mind much more mature than that needed to 
grasp Boyle’s law, ` 

The rule ‘begin with what the child knows’ is no less important 
because it has been emphasized repeatedly. A good teacher follows 
the instruction, in whatever form it is given: by proceeding from 
the known, to the unknown, from the particular to the general, from 
the familiar to the strange, from the concrete to the abstract (and 
back again to the concrete), from the simple to the complex (psycho- 
logically), from the empirical to the rational. 

(c) The material for a General Science syllabus must also be 
selected to match the intellectual development of the pupil. Three 
stages are tó be noted in a child's attitude to new knowledge. At 
first it is easy to arouse in him a sense of wonder. The colour-changes 
in litmus, for instance, are a source of never-failing entertainment 
when an eleven-year-old boy first sees them. The sense of wonder 
becomes more and more critical as time goes on, but never disap- 
pears entirely, so that a good science teacher always displays a 
touch of *showmanship' in his demonstrations. The second stage is 
one where an increasing interest is taken in the use of the informa- 
tion given. At this stage, for instance, litmus becomes of interest 
because; by its use, strong acids and alkalis can be neutralized to 


» form salts; and because other indicators can be used to find out 
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if a sample of soil ig acid 4nd whether & farmer should add litus to 
his land. The third and last stage is attained, when the pupil feels 
increasingly thg satisfaction of being able to arránge facts lofically, 
and enjoys the ‘discovery’ of thdse laws after the ‘manner of the 
mature scientist. It is at this ståge that something of the theory off 
indicators may be outlined, if only a brief explanation as to why and 
when the commonest indicators are used. 

- (d) Students differ in temperament, and defy our attempts to 
classify them into neatly separate types. Some pupils enjoy learning 
about the mathematical laws which underlie physical and chemical 
phenomena. They enjoy working out calculations based upon them. 
Some derive deep satisfaction, and gain a more fundamental under- 
standing, from a simple mathematical relationship between variables, 
as in Boyle's and Ohm's laws. They have. sometimes been deprived 
of this experience by the omission of quantitative calculations from a 
General Science syllabus. To others, no less intelligent, the descrip- 
tive information, equally precise, which belongs more“ especially 
to the biological sciences, appeals strongly. It may be true that, on 
the whole, boys tend to prefer the logical and mathematical aspects 
of science, and girls the utilitarian and descriptive aspeets. As far 
as possible the syllabus must cater for all tastes. 

(e) The teacher should know something of the pupil’s environ; 
ment, what facts he may be expected to know already, in ‘what atti- 
tudes he has been trained. For example, it is well to know whether 
his background is urban or rural, whether his family are merchants 
or sailors, farmers or factory workers. This knowledge should in- 
fluence to some extent the choice of illustrative material. If a majority 
of a class comes from one group, thenethe syllabus will require more 
fundamental adaptation. 

(f) The community, because it supports a child during his years 
of study, has a right to voice its opinion as to what he shall be 
taught. The construction of a syllabus will be influenced by knowiifg 
what will be of most value to the community into which the pupil 
must eventually fit himself. 

(g) The problem as to what to teach has a further complication. 
Some pupils will, later on, pursue advanced courses at a university, 
for which lessons at school are expected to be some preparation. 
Others, the majority, are likely to cease full-time studies earlier. e 
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How far is it possible to devise a syllabus which, will be, in its early, 
stages at least, equally, appropriate to both classes of students? 
“To feconcile the’ opposing demiands of individual, freedom and 
social order calls for statesmanship of the highest degree. Similarly, 
‘to find a syllabus capable of meeting tlie different requirements of 
the individual members of a class calls for all the syisdom and 
experience the science teacher possesses. There is no ideal solution: 
the best solution is the best compromise. There is no finality about 
any answer. There will be gaps which the teacher will recognize with 
varying degrees of regret, but this is inevitable. More than two 
' thousand years have passed since it was claimed for one of the 
wisest of men that he knew everything: no one today claims to know 
everything about science, or even about one branch of it. 

And when a syllabus has been constructed, the emphasis which 
any teacher will give to its parts will be affected, and rightly (though 
it is hoped within the bounds of discretion), by the particular enthu- 
siasms of the teacher himself. For experience shows that it is enthu- 
siasm which makes the most lasting impression on a pupil, and is 
therefore the teacher's most valuable attribute. 


* 


The relation of General Science to other subjects in the curriculum 


(a) The skills and attitudes developed in one subject are not 
automatically applied by a pupil to other subjects. It is the business 
of all teachers to suggest to pupils that to arrange work logically, to 
describe exactly, to be neat and tidy, and so on, are valuable accom- 
plishments at all times; as valuable in the study of language and 
compositio as in science, vatuable at home as well as at school. 

(b) In some schools a system of marks is used to classify the 
abilities or progress of children, and promotions from class to class 
may depend in part on these marks. When this is the case, co- 
operation is needed between teachers in the matter of maximum 
marks allotted to different subjects, and the proportion of marks 
allotted to theoretical and practical work. Pupils are sensitive to 
suspected inequality in the credit which equal diligence and ability 
gain in the different subjects. Teachers are apt to underestimateeor 
even ignore these youthful, often suppressed, feelings of injustice. 
Teachers have invented these systems of assessment. On teachers 
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, falls the responsibility of seing not‘only that justice is done, but that 
it can be seen to be done. |, «© * - . 

(c) When the various aspects'of a topic are ‘dealt with dt about 
the Same time by different teachers, from the point of view of their 
own subjects, the impact *of these lessons on the pupil is much 
greater thap when they are separated by a long*interval. Teachers 
must strive for some degree of correlation. This correlation is in 
addition to the need, within the subject of General Science itself, to 
relate different aspects of the same subject. It is helpful to mention 
events in world history which coincide with famous discoveries. A 
reference to Lavoisier and the French Revolution will fix the time 
of the collapse of the phlogiston theory firmly in the mind. The 
scientific leadership gained by Germany in the early years of this 
century in the discovery of practicable means of nitrogen fixation, 
and her monopoly of the manufacture of many scientific instruments, 
was a factor in the timing of her declaration of war in 1914. A his- 
torical chart on the walls of a room where perhaps history is specially 
taught, can be constructed with a column devoted to scientific 
development. A list giving some dates of outstanding scientific inter- 
est will be found in Appendix A, page 283. e 

The teacher of language and composition might occasionally be 
asked to look at a set of science essays, or descriptive accounts Qf 
experiments, so that both teachers and taught feel that there is co- 
operation in the development of conciseness and precision in writing. 
The language teacher may be willing to suggest essays on subjects of 
scientific interest as a change from essays of the more usual kind. 
It should be remembered that some science books, for example on 
natural history and biography, are also valuable contfibutions to 
literature. 

But it is in co-operation with teachers of mathematics and 
geography and geology that the possibility of correlation arises most 
frequently. At a conference between the teachers of these, subjects 
and the*teachers of General Science,ethere should be consideration 
of such matters as the following. Can simple equations in a mathe- 
matics lesson be illustrated by experimental data obtained in a 
science lesson on specific heat, latent heat, or the simple properties of 
lenses, for instance? Can the mathematician deal with invegse ratio 
just before the science teacher discusses Boyle's law?—or would the  « 
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former like to use laboratory results to*illustrate his lesson? Can, 
the twooteachers decide upon the most interesting way of dealing 
with graphs, which ‘often provide an excellent means qf representing 
scientific facts?’ Eor example, the distances travelled by a stone fall- 
Ing under gravity, and the route taken through the air by a cricket 
ball or the water»from a fire-hydrant, may be connected with the 
graph of a simple quadratic. Can the measurement of angles and the 
drawing of triangles in geometry be coupled with the study of the 
mariney’s compass and the use of the prismatic compass in science? 
Can the syllabuses in mathematics and science be adjusted to make 
all this possible, and, if so, at what stage in the courses? 

_ When does the geography teacher wish to deal with climate? Can 
it be arranged so that he does this after the science teacher has given 
his lessons on air pressure, atmospheric humidity and their measure- 
ment, and on heat and the construction and use of thermometers? 
Topics such as the relationships between plant and animal distri- 
bution and the density and activities of the human population, and 
the occurrence and'composition of chalk hills and coral reefs, con- 
cern both geographer and scientist. Can geography lessons be fitted 
in after those in science which deal with the lower forms of life 
and the composition of chalk? Even if collaboration with the 
qther teachers may prove impossible in detail, the General Science 
teacher, glving his lesson on the preparation of carbon dioxide, must 
draw attention to the fact that chalk is of. equal and common interest 
in chemistry, biology, geology and geography. Coral, sea-shells, lime- 
stone and other forms of chalk ! are all used as sources of lime. Coral 
and chalk have been formed from living creatures, and the process 
continues today. Countless milions of the skeletons of these creatures 
have been gradually compressed, thus forming great reefs, mountain 
ranges and vast geological measures. The action of acids, or heat, 
can release the carbon dioxide taken in by the creatures millions 
oï years ago. In mentioning such points the teacher not only forges 
links between the various branches of Science but provides material 
which may fire the imagination of his pupils. 

(d) The headmaster must decide how much school time shall be 
given to General Science. Scientific knowledge is based upon experi- 
ment. If science is to be taught at all, then practical work by the 

1 Note—Blackboard ‘chalk’ is not calcium carbonate. 
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: pupil, as well as demonstrAtion by ‘the "teacher, is essential. To omit 
the practical work from science teaching is as ynsound in educational 
practice as togomit paying propef attention to fóundations ift build- 
ing practice. But unfortunately, practical work takes up much valu- 
able time—an amount of titne Which may, toa teacher of history fof 
example, sgem disproportionate. A science teaeher is sometimes 
made conscious that his demand for pupils’ time for adequate prac- 
tical work, in addition to ordinary teaching time, has a cold recep- 
tion from the majority of his colleagues. Yet the science teacher 
needs, on his side, to recognize the value of the studies in which his 
colleagues are engaged. When he is given, for his subject, almost * 
double the time that any other teacher gets (commonly about six 
periods of forty minutes each, each week), he must utilize that time 
to the best advantage. Of all lessons his should be the most carefully 
prepared and the most efficiently organized. 


e e 
The relation of General Science to the specialized sciences 


Jt myst be emphasized that all pupils need to bé provided with a 
wide survey of the whole field of scientific endeavour. «Logic and 
experience can confirm the need for junior students of science to 
pursue some appropriately designed course of General Science. But 
it is inevitable that the time comes when a pupil who femains at 
school long enough must begin to make a special study of one or 
more of the branches into which scientific inquiry is divided. This is 
demanded, both by the vastness of the field surveyed by science, and 
by the need for the pupil eventually to render some particular service 
to the community. At what age must the student begin to specialize? 
At what stage must General Science give place to one or more of the 
usual list: botany, zoology, chemistry, physics, geology? 

There is no clear-cut answer. Various factors have to be taken into 
account, and the best time for the change will be found by balancifig 
these against one another and reacleing a reasonable compromise. 
The following questions should be considered: 

(a) What are the intellectual qualities of the student? Dull, aver- 
age, or superior? The intelligence of the student is likely to affect the 
length of his full-time education. The science course appropriate to 
those who will end their formal education at fourteen is not the same e 
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as is suitable for those who continue in school until eighteen. It may 
differ markedly from what is suitable for those who will follow an 
advanced course ina university. Of the latter there will,be a difference 
in the course at school according to whether the subsequent univer- 

?sity course is mainly in arts or mainly in'science. In general the more 


intelligent the student the earlier is he able to grasp general ideas, ` 


and so the earlier can he afford to specialize, provided, of course, 

that he has not omitted a General Science course of, say, three years. 

Of the two classes of university students, those who will follow an 

arts course can with profit continue with a General Science course 
» at school longer than those who will follow a science course. 

(5) What equipment is available in the school? The cost, per pupil, 
of equipment adequate for teaching General Science is less than the 
cost of equipment necessary for teaching a specialized science. Unless 
the teacher is a person of infinite resource and unfailing imagination, 
attempts to teach more advanced work with very limited apparatus 
are likely'to prove not merely fruitless, but even harmful. To en- 
deavour to ‘learn science’ without an adequate experimental back- 
ground misleads a student about the groundwork upon which the 
scientists base their conclusions. 

(c) What teachers are available? Whereas in some countries it 
is easier to find a specialist than a teacher prepared to teach the 
elements òf various branches of science, in other places the supply 
of specialist teachers may be small. (Some teachers are reluctant to 
give a General Science course merely because they have specialized 
at the advanced level in just one of the sciences. This suggests that 
they are not prepared to extend their own knowledge, thus offending 
against the»very spirit of inqviry which should inspire them and be 
encouraged in their pupils.) And teachers are not equally good. 
Some are mere reciters of notes, others mere purveyors of facts. The 
privilege of training a pupil and watching him pass through the early 
aad more important stages of his development is too often lost sight 
of in thé anxiety to gain the unwarranted prestige which sometimes 
attaches to the teacher of specialist subjects at advanced level. For 
by the time the pupil has arrived at the advanced stage in his studies 
his emotional attitudes are fixed, and his further development is 
rather in extent than in kind. It is the early stages of learning that 
are critical. There is an element of truth in the provocative statement 
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that ‘any fool can feagh fhe: -fifth form. (By ‘the ‘fifth form’ must be 
understood a class which has been at a secondary school for about 
four years agd is at the stage "when it takes ‘an externale schoól- 
leaving-certificate examination. Je e 

_(d) "What i is the size of the school? Where the donal intake of & 
school is ope new class each year “the problem of providing general or 
specialist teaching may differ greatly from the problem which faces a 
school where there is an intake of perhaps three classes a year. In 
the latter a change from General Science to specialist scienges need 
not take place simultaneously in parallel classes. 

(e) Has the school any established reputation? A tradition of* 
success in the teaching of certain subjects is not lightly to be thrown 
away. Yet the dead hand of past triumphs may have in the end 'a 
depressing effect upon future successes. Past traditions should not 
count for too much when the constant aim should be the benefit 
of the pupils. It must always be remembered that the school i is there 
for the child, not the other way round. s 

One definite recommendation may be made. Where a child begins 
his school career at the age of six, then between the ages of eleven and 
fourteen, and for a period of not less than three years, he should 
follow a General Science course. Whether he should continue that 
course for one more, or for two more years, must be peres in the 
light of the foregoing considerations. 
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It has been shown in the previous chapter that the following points 
should be taken into account when determining the content of a 
General Science syllabus. The material must be:— 
(a) fundamental; 
(b) related to the needs of the community; 
_(c) related to the subsequent career of the pupil; 
(4) suitable for teaching— 
(i) appropriate to the pupil’s intellectual development, 
temperament, needs and intéfests; 
(ii) related to the pupil's environment. 


(a) The argument from history — A developing embryo passes 
through stages which can be considered to represent the history of its 
race. Similarly, the interests of the developing child appear to follow 
the order of the earliest concerns of human beings. Human know- 
ledge can be divided primarily into two parts: what we know about 
OURSELVES "and about THE WORLD AROUND Us. The world around us 
is made up of the EARTH and the UNIVERSE. On the EARTH there are 
two kinds of things, LIVING THINGS and NON-LIVING THINGS. (1) Man’s 
first interest was in living things, and'he asked questions, probably 
in this order: ‘What about them?’ ‘How can I use them?’ ‘How can 
I control them? ‘How can “I develop them?" Thus biology is a 
fundamental study. When man appeared on this Earth he shared it 
more intimately with other animals than he does now. If he were to 
survive, a man had to know something about their appearance and 
their habits. He then learned to make use of them for food, and 
later to control them; and sovsome animals became domesticated. 
Then man learnt to develop them, to breed more useful and profit- 
able types. A similar sequence is found in the story of man’s con- 
nexion with agriculture. First he learnt to recognize plants, he used 
some far food and some for medicine. Then he cultivated them, and 
» finally developed varieties which are an improvement on those found 
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wild, Thus, the living thing$ to be studied first, in a General Senes 
course, should be thosc*whicp are«mosteclosely associated with our 
everyday life. (2) Man early learnt to recognize tlie heavenly Bodies: 
He made systematic observations, and later was able fo put, them to 
€ * 
practical use; for by them he knew when seed-time had come, or* . 
when the raygs might be expected. Thus astronomy, the study of the 
universe, is also seen to be fundamental. (3) Chemistry had its 
beginnings during the Iron and Bronze Ages, when man learnt to 
win metals from their ores. Although the knowledge that men gained 
was empirical, discovered probably by chance, it was none the less 
valuable. So chemistry has its place in the course. (4) In the process * 
of gaining more and more control over his surroundings, man in- 
vented various mechanical devices: the wheel, the lever, the inclined 
plane. Thus began the study of mechanics. The argument from history 
establishes biology, astronomy, chemistry and mechanics as being " 
of fundamental importance. 
* e 
Science: pure or applied? —lt has been claimed that it is the recog- 
nition pf a need which gives the spur to the search for wider know- 
ledge. It is suggested not merely that ‘necessity is the mother of 
invention’, but that ‘technology is the father of learning’. It is 
claimed, on the other hand, that without the pursuit of knowledge, 
for its own sake, many fundamental discoveries, only lafer put to 
practical use, will never be made. It is pointed out, for example, 
that it was through the pursuit of ‘pure’ knowledge that the vacuum 
flask was invented; that low frequency electro-magnetic waves were 
discovered before Marconi thought of using them in ‘wireless’, and 
that the public demand for radio communication arose from the 
results of ‘pure’ research. Here ‘pure’ science came before ‘applied’ 
science, and the ‘knowledge’ before the ‘need’. When undue atten- 
tion is paid to either of these points of view, science makes but halting 
progress. Surely the two claims merit equal consideration. The puf} 
suit of truth, and the social urge whichedrives men to seek knowledge 
for a particular purpose, are like the steps which men take when) | 
they walk naturally. First, one foot is in front, then the other. A 
General Science course must provide a body of material knowledge l 
of value to the community, and also offer a mental discipline. It 
must illustrate both attitudes. 
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Facts of everyday experience — One object cf a General Science 
course is to introduse children to the genéral underlying principles 
1 . . » . . H . 
which scientists have so far discovered in the universe; and evidence 
for the, existence of these principles can be found in numerous 


' phenomena. The examples chosen to illustrate the principles should 


be those with wHich the children are most familiar. Thé:principles are 
like pegs upon which the examples are hung. The children will find 
some examples more interesting than others. Some facts are of 
persenal concern to them: the working of their own bodies; their 
recreations; the activities of older members of their own family; 
matters of common experience, seen or used daily. The more 
common the fact, the greater is its claim to inclusion in the syllabus. 


General Science and the traditional science ‘subjects’ — Whatever 
items are chosen for inclusion, they will, later on, be taken up in 
more detail in the study of the specialized branches of science. They 
will re-appear under the headings physics, mechanics, chemistry, 
geology, astronomy, botany, zoology, and their sub-divisions. But: 
the whole point of General Science is that, at the start, these divisions 
are ignored. If they are introduced at all it is as a matter of con- 
venience and not as a result of necessity or the arbitrary selection 
» of some branch of science. The General Science approach is to put 
aside all these divisions, to begin from fundamentals, decide what is 
needed, and then to organize, in some rational manner, the material 
selected. 3 
The matter selected for inclusion in the syllabus must be assembled 
in reasonably large groupings. The gravest and most damaging 
criticism Öf a General Sciéhce syllabus is that it is ‘all bits and 
pieces’. The ‘snippets’ must fit into some larger synthesis, which 
must become obvious to the pupil as soon as possible. 


Principles and their illustration —In constructing a syllabus, one 
method is to divide the task among two groups of teachers. One 
group must think out the fundamental principles of science which it 
is desirable for a child to know. The other group must ‘make a list of 
the facts which are likely to be of interest to a pupil, with whicii he 
may be familiar, or of which he should be made aware. The principles 
selected are then illustrated by the facts chosen. TA 
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The inclusion of ‘astronomy’ —It has already been suggested that, /\ 
because of its early inlerc st to man, astronomy has a fundamental | 
claim to inclysion in a General’ Science coursé. The clainr is too 
frequently ignored. In a General Science course a student is expected 
to become acquainted with thifigs so small and near that they cart 
only be seepethrough a microscope. Why, then, neglect the examina- 
tion of objects which are vast but happen to be so far away that the 
aid of a telescope is desirable? The majestic regularity of the appar- 
ent motion of the heavenly bodies; the problems connected with 
planetary motion, once so baffling but now simply explained; the 
awe-inspiring phenomena of solar and lunar eclipses; the beauty and 
the cause of the changing seasons: all these provide material for 
profitable study. Wherever men sail the seas, or fly in the air, the 
study of astronomy is essential as the basis of the art of navigation. j 
Those who have to think of economy in the school may be reminded 
that even a telescope is not a necessity for the study of the heavenly 
bodies, as is proved by the discoveries made by the ‘ancient Egyp- 
tians and Greeks. Further, the heavenly apparatifs does not deterior- 
ate with the years, nor does its upkeep present any'earthly difficulty. 
Moreover, observations can be made more readily and regularly by 
schoolchildren in the tropics than elsewhere because there are no 
short nights, and most of the visible stars can be seen during the 
course of a clear night. At the equator the path of a staricross the 
heavens is a semi-circle, and the movement appears to be vertical at 
rising and setting; and, again, the bearing of the point of rising or 
setting, from due east or due west, is the safne as the declination 
given in a star catalogue. These two statements remain approximately 
correct within the tropical zone. Thuscthe identification of stars and 
constellations becomes comparatively easier the nearer the observer 
is to the equator. s 

Appendix B (i), page 287, gives a list of the brightest stars, with 
the names of the constellations in which they appear and a note 6f 
the time of the year when each can bgst be seen. 
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The inclusion of ‘mechanics’ — One argument on educational grounds 
for increased attention to mechanics lies in the fact that the subject 
Opens up a wide range of experience, and provides practical, con- 
crete material on which routine exercises in calculation can be based. o 
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It has indeed been suggested that mecllanics belongs more to, the 


teachereof mathemati¢s than to the teacher of science. But, as the 
Subject matter arises most easily from a study of physics, it is better 
for it to be introduced by the science teacher, and for advanced work 
"in the subject to be made the responsibility of the mathematics teacher, 

There are other, and more practical, reasons why, mechanics 
should be given an adequate place in the science syllabus. The in- 
creasing mechanization of labour all over the world makes its inclu- 
sion essential. More and more people are being required to look 
after more and more machines. Increase the number of those who 
"understand the fundamental arrangements of mechanical devices, 
and there will be a vast decrease in the annual wear and téar of 
cars, tractors, and machinery of all kinds, with correspondin g benefit 
to the world's economy. For machines are too often in the hands 
of, and under the administrative control of, those with no knowledge 
of their construction and reasonable use. Further, a knowledge of 
elementary mechanics gives the intending purchaser some basis upon 
which to judge the'relative claims of advertisers, and to estimate the 
efficiency of a machine for its purpose. E 

j The subject matter of mechanics provides a body of knowledge 
| which is readily organized around the basic idea of *work', so pro- 
| iding a teaching ‘unit’ which is logical and has immediate contact 
| with the Pupil’s environment. 
The inclusion of ‘sound’ —Music makes a universal appeal. There 
can be scarcely any part of the World which is without its indigenous 
variety. This branch of science deals with the nature of sounds and 
draws attention to the simple arithmetic of harmony and the many 
kinds of musical instruments. It can hardly fail to be of interest. 

A knowledge of the characteristics of wave motion is valuable 
not only in the study of sound, but of light and all electro-magnetic 
Vibrations including X-rays and radio waves, the action of springs, 
the movement of pendulums; water waves, the output of electric 
generators, the behaviour of cranks in every machine where a circu- 
lar motion is changed to a to-and-fro movement or vice versa. 
Sound probably provides the most suitable and convenient introduc- 
tion to,the whole vast subject. For sound waves are of comparatively 
small frequency, and the wave-lengths of musical notes can be 
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readily shown, as the ays of measuring them are well within the 
comprehension and skill of the average pupil. (The equation? yn 
can be used, fbr example, to confirm the figures given in the issues 
of radio programmes.) It is useful, also, to énclude å simple account, 
ofthe structure of the ear, comparing, later on, the vibration of the | 
ear-drum with that in a telephone ear-piece, an referring to the / 
variation of pressure in the liquid in the cochlea. 

The apparent change of pitch of a constant note, from an object 
approaching and then passing an observer, is a matter of common 
experience. It should be remembered that the same effect holds good ,, 
for light waves as well as sound waves. The displacement of the 
spectrum lines of light from fast-moving heavenly bodies has pros 
vided astronomers with a vast amount of information about the 
universe. The arithmetic of this ‘Doppler effect” may be more than 
a boy in the third or fourth year of his course can be expected to 
understand, but no pupil should be permitted to pass through a 
science course without at least hearing about it, The phenomenon 
is bes: understood by referring to it first during the study of sound. 
Acquaintance with this fact alone more than justifies the inclusion 
of an elementary study of sound. E 
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How much biology ?—The teacher of biology has to exergise careful 
judgement when deciding how much to teach about the various | 
kinds of living things. If he goes into too much descriptive detail, the 
mass of information confuses the pupil. If he, neglects to contrast 
type with type, or omits to point out how different species perform 
similar tasks, then what he teaches fails to hang together and be- 
comes a disorganized collection of bits‘and pieces. This is a critioism 
often directed against ‘Nature Study’. f 

There are two questions which may be asked about any organism: 
(i) according to what general plan is it censtructed? (ii) how far arg 
its parts organized to deal specifically with different tasks? The 
teacher has to point out the main types of animals and plants, and 
describe the various functions which living organisms perform. The 
species he will choose for illustrative material will depend on the 
flofa and fauna of his neighbourhood, for he should, of course, 
choose local species. Au 

The chart in Figure 2, page 30, shows a simple classification. The 
D o 


© 


© 


sojdurexo peordojorq jo uonojos jo poyu e Sunvorpur luego» y— z FUND 


“UR pue peurureur [[euis DUG x 


; (a) (1) (a)(¢) (@) @) (a) @ 
S (219 *sjreus) (sxopids ‘sjoasuy *suvaovisni?) SOABQ[-Poas Jea 
10 sosnioJA spodougpuy onL -poos ouo 
E: @ 
ENG Ww 
5 (D (@ (D (1) (D :(QD (o ase seo 
1 1 sueiqnudury spng  — sjewureyy BUI JOU spaos e ur spaag 
(c) (D (unod 
a a (so1ods oonpoud) sonpoid) 
^" souogyoeq MOIM I E ^ Suuowog1oN Zumo 
: speuuruy . eue - < 
2e 2x9. cd sduryy SurArT 
Pony a " sa 


m 


e | " 
D L7 
© 


"e 
THE SELECTION, OF SUBJECT-MATTER “34 
e o 


e 
numbers in brackets rpresent the number of species of each group 
which should be brought deliberately to the Mn of a class. The 
letter (D) indlcates that the examination of one species should, be 
carried out in some detail. — rj a D M 

To this selection is usually added an account of the simplest of | 
known mi&roscopic organisms: a one-celled animal, a rather more | 
complex animal, a microscopic plant, a yeast and a mould. 

There is now sufficient material to illustrate the change: from | 
simple-celled organisms, exercising all the functions associatéd with | 
a living creature, to the most complex arrangements found in o 
mammals, where different tasks are undertaken by special cells | 
developed for the purpose. The information can be revised and | 
linked together by considering such topics as ‘methods of reproduc-! 
tion’, ‘sensitivity to light’, ‘the body plan’, ‘digestion’, ‘how animals 
move’, and so on. 

© e 

(5) The needs of the community — Far too many ‘educated’ youths | 
are forsaking their villages to find employment in towns. The result- 
ing bteak-down of family and tribal sanctions has had a most 
demoralizing effect. What is still worse is that many who, if their 
education had been wisely directed, might have done much to raise 
the standard of life in the rural areas in which they were born, have 
treated the problems of rural life with contempt. They show no in- 
tention of returning to live among those more primitive surroundings 
where their gifts and training are most needed. 

There are reasons for this deplorable state of affairs. One is the 
materialism of the age in which we now live. But the influence of the 
type of education provided in the past, ill adapted as it was to the 
needs of the community, has played a sinister part. The educated 
members of a particular community are often acquainted only with 
the type of education they themselves were given. They assume that 
the training they received cannot be improved. The mistakes of the 
past have been perpetuated because teachers, in their turn, have 
developed a vested interest in maintaining the only system with 
which they are acquainted. The community as a whole, respecting 
thé judgements of these ‘educated’ members, has demanded the 
continuance of an outworn system. The blind have followéd blind 
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The teaching of General Science can playsa part in altering this 
state of affairs where"it exists, arid ensuring that it does not arise 
elsewhere. It should take into account the immediate needs of the 

| EE It should include instruction in elementary hygiene, and 

| discussion of the principles underlying tlie recommendations, in this 
field, of the government departments concerned. It shó:ild give an 
insight into the fundamentals of agriculture and the beneficent and 
profitable changes which the application of science can bring to the 
cultivator. It should provide a background upon which various social 

» practices can be judged, and encourage the laying aside of some old- 
established but misguided habits and customs. 
» If some disease in an economic crop threatens the welfare of 
a community, that subject should be included in the syllabus, and 
the reasons that lie behind the recommended treatment should be 
explained. If some social habit or taboo deprives the land of the 
manure which, should be available for agriculture, the matter should 
be discussed during the course. In the primary schools only the 
simple facts need be considered. In the secondary schools the reasons 
must be understood. ‘ 

The sciénce teacher who has opened the eyes of his pupils to the 
inexhaustible wonders of the countryside, and has given them the 
instruction and practical experience by which its economic resources 
can be increased and developed, has done more for the community 
than one who has merely led his pupils through some old academic 
discipline. 


" (c) The subsequent career of the pupil — A. General Science course 
| for & secondary school is not intended deliberately to provide for 
vocational training. It may well be, of course, that the student will 
: develop an interest in some elementary branch of science and will 
wish to make a special study of it later on. A syllabus biased to 
provide training in some means of livelihood, in which pupils can 
engage as soon as they leave*school, is suitable for technical and 
vocational schools. The General Science syllabus in a secondary 
, School which is neither technical nor vocational should be so de- 
signed that the pupil, when he leaves school, will be a useful citizen, 
adaptable, with a wide range of interests and sympathies, Such 
training will provide that foundation of knowledge and experience 
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(di) The needs and interests of ‘young pegple— The selection ‘of E 
material for a General Sciénce syllabus, as indeed for any other 
subject, is effected by the intellectual developmént, the sex, the. 
temperament, and the environment of the pupils (Chapter II, pages 
16-17). It has already been pointed out that facts of everyday 
experience are likely to stimulate interest. It has been suggested that 
a large amount of illustrative material is available in every locality 
if the teacher will but search for it. A few more observations may be 
made here. . 
Young people respond to striking contrasts. Comparisons between 
past and present, for instance, are often of great interest. A picture 
of a modern laboratory can be put side by side with a copy of an 
old print showing an alchemist's den. A picture of a, seventeenth- 
century scientist, with curled and powdered wig, may be contrasted 
with the modern idea of a chemist, sleek in white oyeralls. Similarly, 
the first steam engines can be contrasted with modern locomotives, 
and the first ‘flying machines’ with modern aeroplanes. Contrasts in 
scale are also effective: e.g. a diagram showing calcium carbonate, 
heated in a hard glass test-tube, and one of a modern continuous- 
burning vertical lime-kiln. The teacher will notice that such 
examples illustrate a teaching method, as well as providing teaching 
material. ` i 
Young people are more interested in the latest devices and dis- 
coveries of science than in prolonged discussion of past triumphs. A 
regard for the past, an interest in the sfages by which preSent know- 
ledge has been patiently built up, is not a youthful development. If 
the subject is ‘oxidation’, the work of Priestley and Lavoisier has to 
be considered. But the interest soon wanes if the historical aspect is 
too long drawn out. A mature mind is left unsatisfied by the his- 
torical snippets which are all that chitdren aged 11-13 can absorb. 
But the pace must not be forced. Historical references therefore 
need to be short and should consist mainly of biographical sketches. ; 
Asa stimulus to the development of the ‘historical perspective’ an 
occasional allusion to anniversaries of great discoveries, or ta a date 
associated with a famous scientist, can be made, and used as the 
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starting-point of a lesson. A list of such dates js given in Appendix A, 
page 253. à : MNT | s 
Because of this interest in the latest inventions, ratker than in the 
discoveries of long ago, new material should be selected to illustrate 
old facts. Thus the cine-projector has'replaced the old-fashioned 
‘magic lantern’ and, as a lesson topic, now arouses thore interest, 
though the main optical properties of both are the same. Young 
people are always keenly interested in what they see ‘in the paper’. 
A national or local newspaper very often contains an article on some 
scientific subject, or carries an advertisement referring to some new 
device or product. If it is something within the comprehension of a 
class, this is a good reason for referring to the matter during the 
course of an appropriate lesson, or even for devoting a part or the 
whole of a lesson to the subject. 


(d.ii) The selection of local examples — No text-book can contain all 
the examples of local phenomena, or all the local exa mples of general 
principles, The skilled teacher will find for himself, and encourage 
his classes to find, these local and particular examples. The use of 
Known, locally collected material as a starting-point helps to arouse 
or maintain interest. The known facts can then lead to the teaching 
of other facts more remote from the experience of the pupil, and 
possibly more important. By association with the familiar, the new 
and unfamiliar is the more easily remembered. The historian has for 
reference, among other things, local ruins, statues, places of historical 
interest, the contents of local museums. The teacher of geography 
can use, in the same way, the weather and the physical features of 
the school surroundings. The teacher of General Science also has local 
material in plenty if he will but look, 

While many examples of scientific interest are mentioned in any 
text-book of General Science, no one author is aware, for example, 
of all the applications of the principles of mechanics in use in the 
world, nor is any text-book ‘large enough to contain them. It is 
the proper and profitable task of the teacher of General Science to 
supplement the text-book used by his class with illustrative exa mples 
which he himself has collected or noted in the areas from which ‘his 
pupils come. Let us take, for example, methods of irrigation. 

In N. Ceylon and S. India, water is raised, by means of *well- 
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sweeps’, from shallow wells, and allowed to run in small irrigation 
channels. A long tapeting pole, Which*acts a$ a lever, is Balanced 
just above itsecentre of gravity (see Figure 3). The pivot is raised 
above the ground, passing through the tgp of two vertical posts. 
From the thinner end of thé pole hangs a bucket which dips into the 
well. The &iicket is full of water, a man stands ón the pole at the 
balance point, then walks along the pole away from the bucket. Soon 
his weight causes the thick end of the pole to move downwards. See- 
saw-like, the thin end of the pole rises and brings up the bueket of 


large stone 
toadjust 
balance 


e 
FIGURE 3.—A ‘well-sweep’ z 


water with it. When the bucket is empfled into the irrigatfon chapnel 
the man walks upwards to the point of balance, the thin end of the 
pole dips downwards, the bucket fills, and the man once more walks 
away from the pivot, up the slope of the pole, and the process begins 
all over again. Here is a local example which provides all the neces- 
sary data for a very effective lesson.om moments and work. i 
~A simpler device, using a long pole as lever, and called a 'shadoof 5 
is used in N. India. ‘Treadmills’, in which the application of a 
mement is continuous, are sometimes used in India, China and Japan. 
In S. India and other places, water is often raised from a well ina 
bucket attached to a rope passing over a pulley, which is fixed over 
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and above the edge of the well (see Figure 4), The rope is pulled by 
a pair of oxen, which'walk down à slope—the inclined plane making 
the work easigr. Camels are similarly employed in Some parts of 
N? Africa. (Another use, of the inglined plane is'seen when logs, 
weighing many tons, are raised on to timber lorries in the W. 
African forests. The logs are pulled up over long stout pó!zs placed at 

a slight incline from the top of the lorry to the ground.) 
Such local examples are excellent, and, because they are so familiar 
in thesareas mentioned, are far more educative than most text-book 
ə Illustrations. Other instances of the use of mechanical devices come 
to mind. Primitive oil presses use leverage to obtain sufficient pres- 
Sure to squeeze out the oil from seeds; supple sticks are used as 


springs for traps, or to close gates automatically; cranks are attached 
to potters’ wheels; devices are in use for applying brakes to bullock 
carts. In different parts of the world various devices are used for 
winding silk from the cocobns of silk worms; an equally great 
variety of methods, yet all illustrating the same principle, is in use 
for spinning thread for net-making, yarn for weaving, and fibre for 
rope-making. A bicycle, common in most parts of the world, is a 
Veritable battery of devices which illustrate mechanical principles. 
The brake connexions and cranks provide examples of levers; there 
are the means for making use of friction (brakes) and for reducing it 
(ball bearings, and the use of oil and grease); the free wheel is an 
example of the use of ratchet and pawl; springs are used in tension 
and compression; there is an air valve; there are devices for lock- 
' ing nuts. The velocity ratio of the whole machine can be calculated 
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by measuring the length of the pedal crank, the radius of the back 
wheel, and counting the cogs on driving sprocket and free Wheel. _ 

The biologi&t has at his disposal, everywhere, many examples 
which can amplify, or be used as a substitute for, those to be found 
in General Science text-books. It would be difficult to name an 
inhabited ĉa of the world (and in uninhabited areas there are no 
children to teach) where there are no representatives of numerous 
families of birds and animals; and often the more remote the area, 
the more varied its flora, with plants of many families and a wide 
range of leaves and flowers and habit. In the absence of the customary 
geraniums, beans, peas, etc., of the text-books, local weeds can be 
grown in pots for experiments. They are usually robust and survive 
neglect. 

Local methods of bread-making may be studied. What is used in 
place of ‘brewers’ yeast’ obtained from beer vats in temperate 
climates? Does it contain, or consist similarly of, the tiny living 
plants that decompose sugar with the formation of alcohol and 
carbon dioxide? In some places certain species of palm trees are 
‘tapped’ for their sweet sap. This ferments rapidly and is therefore 
mixed in to leaven the dough, the bubbles of gas making the bread 
‘tise’. (Baking kills the yeast plants, drives off the alcohol, and leaves 
the bread full of ‘air-holes’ caused by the escaping carbon dioxide.) 
Such material should be examined under the microscope. Its action 
should be demonstrated in a test-tube fitted with cork and delivery- 
tube. When the warm mixture of sugar and fermenting agent *works', 
the carbon dioxide should be identified by passage into lime-water. 
It should also be shown that boiling stops the reaction—the impor- 
tance of a control experiment not beig forgotten. S he 

The teacher can look for variants in the methods of carrying out 
agricultural and horticultural operations. For example, there are 
various ways of ‘layering’. The art of layering consists in causing 
roots to grow along a thin branch while the branch is still attached 
to the parent bush or tree. In some àreas moss is tied around the 
branch, in others vegetable fibre such as raffa, or coir fibre from the 
coconut husk, is used. The material is kept watered until rootlets have 
developed. Sometimes the branch is staked down to the ground, or 
it may be buried for some of its length under the soil. When the 
rootlets have developed the branch is cut off and planted, and the 
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roots are all ready and can begin to fuhctipn at once. In this,way 
plants can be propagated: without she risks which attend such 
“methdds as growing them from cpttings, when the planted stick may 
dry and, die before roots have time to develop. 

In dry areas there are methods, of irrigation to note; in wet areas 
there are the methods of drainage which prevent the &cil becoming 
water-logged; in hilly areas of storms and heavy rains there are 
methods of contour trenching which help to conserve the soil and 
prevent erosion—all these are illustrations of the way in which man 
seeks to control his environment, 

The examples which a teacher will collect, or note, will frequently 
be appropriate to one or other of two categories. They will have a 
rural background; or they will have an urban background. The 
teacher whose lessons are illustrated by the same examples, whether 
he is teaching urban or rural children, is not efficient. There is a 
wealth of examples to be found in an area which is developing indus- 
trially, and many everyday experiences of the pupils may be turned 
to good use by the teacher of General Science. Interest in the facts 
which a study of geology reveals will probably be intensified in areas 
producing mineral oils. The distillation of crude oil can lead to a 
discussion of boiling points, distillation in general, fractional dis- 
tillation, the effect of pressure on boiling point, distillation under 
reduced Pressure, and thus to that article found the world over, the 
tin of evaporated milk! Acquaintance with petroleum and its uses 
may lead in another direction, to a discussion of combustion and its 
Products, of water and carbon dioxide as evidence of the presence 
of hydrogen and carbon, This in turn may lead to a study of the 
effects and transmission of htat, 

n areas producing coal, a similar introduction to the facts of 
geology is possible. The subsequent study of the use of coal can lead 
on to a discussion of oxidation and reduction, and to the part played 
by Coal in the production of iron from its ores, 

It is only reasonable to expect that samples of minerals mined 
locally should be on the shelves of every School laboratory. Such 
minerals as limestone, bauxite, manganese dioxide (pyrolusite), as 
well as various mineral salts, which have properties simple to demon- 
strate, should be dealt with in the Course, 

When a teacher of General Science moves into a new school or 
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goes to a new area,*one of his most | urgent ad | profitable tasks is to 
have a watchful eye for new állustrhtive'materiál for his lessdns. One! 
of the claims fade to justify the ipclusion of Genera] Sciencé in the | 
curriculum is that through it a, spirit of watchful&ess and inqulry | 
is developed in the pupil. It is of the utmost importance that the 
teacher hii®stlf should show the same spirit. Without it he may stand 
in front of a class and talk, but he will fail to achieve his main pur- 
pose, and may even do more harm than good. 


The place of the text-book 
It can be assumed that the person who has written a text-book hag 
chosen his material according to a set plan and purpose. He has 
visualized a certain type of school and pupil, the background and the 
need. He has decided upon the information he thinks it most im- 
portant to impart, and has in mind the attitudes he hopgs will be 
encouraged by the use of the book. A text-book, by another author, 
on the same subject and for pupils of the same age and background, 
often differs considerably, especially in the selection of material. 
Yet underlying both books is a recognition of the same furrdamental 
principles, and a desire to encourage the same attitudes. It is not 
surprising, then, how widely text-books may differ when written for 
different age-groups and for pupils with different backgrounds. 

The teacher must ask the following questions when he tries to 
decide whether a text-book is suitable for a class: : 

For what age-group is the book written? 

What background knowledge does tbe author assume? 

What attitudes is he trying to encoutage? © 

The needs of a class are never exactly met by any text-book. It 
is the teacher's business to find the one which appears to be the most 
suitable. Because a text-book is used in one school is no argument 
that it should be used for a class of the same grade in another school. 
All depends on the similarity, or othérwise, of the schools and the 
background of their pupils. Having found the most suitable nea 
book the teacher will have to supplement some parts and ignore 
Others, fitting his lessons to his classes. 

The attitude of teachers to text-books varies from one of complete 
page-by-page reliance to one of contempt for all text-books. The 
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first attitude is due to ignorance and lack*of initiative, the second to 
ride. Both are regrettable. The fanctien of a text-book is to supple- 
“ment the teacher's lessons, to save, the pupil from wasting long hours 
l in*mechanical note-taking, and to make sure that he has a definite 
"amount of information brought to,his nótice. The teacher who relies 
entirely on a boók is confusing teaching with cramming. When a 
text-book is not used, the pupil has to rely upon written notes. These 
are often scrappy and mis-spelt, sometimes lacking logical order. 
They are usually inadequately illustrated. The notes may be still 
more inadequate when pupils are absent from class for a time, or 
when the teacher is unable to cover the desired syllabus. Between the 
two extremes a reasonable compromise is both possible and desirable. 
When a text-book of General Science, restricted in size, is in use 
over a wide geographical area, then the material it contains should 
deal with generalities rather than particulars. For instance, if the 
text-book is dealing with pollination, then the diagram showing the 
growth of the pollen tube down to the ovary should be a generalized 
one. The pupil, however, will have examined a local flower with a 
hand lens, and will have made a sketch of the flower in his note- 
book. The teacher will draw on the blackboard an enlarged diagram 
of the stigma, style and ovary, showing the route taken by the pollen 
tube. This diagram the pupil will copy. In this way the text-book 
\ will illustrate the general arrangement, but the pupil’s note-book will 
contain a detailed account of a particular local species. 
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There are my ways in which the material selected for a General 
Science syllabus may be arranged. So true is this that it is the arrange- 
ment, rather than the content, about which teachers of General 
Science find agreement most difficult. Material for the syllabussmay 
be arranged thus: 

(a) in the order of its discovery; 

(b) according to some logical order, e.g. that of each separate | 
specialized branch of science; 

(c) by grouping around some central theme, such as: 

(i) a main principle of science; 
(ii) phenomena which are of immediate and local interest 
to the pupil; 

(d) according to the mental and emotional age'of the pupil. 

In addition to these possibilities, and frequently forgotten in 
academic discussions on the subject, are arrangements: e 

(e) to suit the teaching accommodation provided by the school; 

(/) according to the capacities and preferences of the available 
School staff. e£ 

It must be emphasized here that these possible arrangements of 
Subject matter are not mutually exclusive. They may all influence, 
in varying degrees, the final order and groupings in the syllabus. 


(a) The historical order— As has alréady been mentiohed, pre- 
adolescent children do not usually appreciate historical sequence. 
Yet the latter, when material is being arranged, may be as useful as 
the logical sequence, which, indeed, it sometimes closely follows. 
Lessons on bacteria, methods of sterilization, and the use of, disin- 
fectants, can be linked together througl? the names of Leeuwenhoek, 
Pasteur and Lister. Other ‘things being equal, the study of levers 
should come before the learning of facts about a pendulum. The 
Observation of nature occupied man’s attention before the system- 
atic study of what we nowcall chemistry. Astronomy was an organized 
Science before geology. On the grounds of history there is ample 


* of alcohol on the human body has an equal claim. 
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basis for the study of ‘inorganic’ before 'rganie? chemistry, although 
man's?early discovéry of fermentation establishes a claim for the 


"inclusion in the syllabus of an account of the prepifration and pro- 


Berties pf alcohol. An pbjective and critical account of the effects 


. Jt 
(5) The logical order —In every syllabus, however constructed, the 
pupil must accept, for the time being, certain things on the authority 
of his teacher or text-book. The fact that exhaled air contains carbon 
dioxide (shown by the readiness with which it turns lime-water milky) 
can be taught before carbon dioxide has been isolated and its numer- 
„Ous properties demonstrated. Facts which a student must learn may 
be put into three categories: 
(i) those demonstrated at the time of presentation; 
(ii) those to be accepted for a time, but to be demonstrated later; 
(iii) those to be taken for granted on the authority of teacher or 
text-book. $ 
Group (i) presents no difficulty. When the teacher comes to group 
(ii) he should make clear that certain facts are being accepted, and if 
he promises to demonstrate them later, then he should be careful to 
keep his promise. As for group (iii) every organized body of know- 
ledge, science no less than other subjects, has its own axioms. In 
order to make progress in any study, these may be used; but in the 
interest of truth their temporary status should be made clear. 
‘Deciding upon the logical order is not so easy as might be ex- 
pected, for there are many possible arrangements, all equally logical. 
It may be that the historical order is also the logical order. On the 
other harfd some later genefalization or simplification may provide 
the best starting point for the study of the subject. The facts usually 
associated with the study of chemistry may be taken as an example. 
Chemists divide the matter of which the world is made into two 
*kinds, „Elements and compounds. Mixtures form a third group, 
composed of the other two. A logical system could begin with the 
study of all the known elements, passing on to all the known binary 
compounds, then to more complex compounds, and so on. A 
famous catalogue of chemical compounds does, indeed, follow this 
order. Another sequence starts from the clue provided by the periodic 
table, following the chemistry of the elements in the order of their 
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increasing atomic weights?! dealing with their compounds on the 
way, and pausing for a long time over carbon and the ‘Organic’. 
compounds. The elements could also be studied in the groups’ which 
the periodic table reveals, and to which meaning has been.given by 
modern theories of the structure of the atom. (Such an arrangement ^ 
is usual in danced text-books of chemistry.) Another scheme might 
have as a basis the well-known division of elements into metals and 
non-metals, the elements of each group being taken, with their 
compounds, in the order either of their atomic weights or of their 
discovery. 

The study of living things could be arranged in many ways, each 
quite logical. There are arrangements, according to structural pat, 
tern, following the accepted plan of phyla and orders. Equally intel- 
ligible arrangements might select material according to function. 
For example, the process of digestion or reproduction, or the re- 
action of the organism to some stimulus, could be followed through 
many types. Alternatively, the amoeba could be a starting point, 
followed by examples of the various orders, in increasing complexity, 


takingsall the outstanding characteristics of living things as exhibited 
by each organism in turn. E 


But even the most logical arrangements are found, on examina- 
tion, to involve a certain amount of arbitrary adjustment of detail. 
Of examples which are used to illustrate principles, theré are some 
Which can best be used after other examples have been explained. 
It is better to learn about the movement of liquids up and down the 
stems or trunks of plants after osmosis and capillarity have been 
discussed, unless the liquid movements themselves are used as a 
starting-off ground for the discussion Òf. osmosis and capillarity. | 

It is possible to take a principle of science and pursue it, as it 
were, through its various applications. Gravity controls the swing of 
a pendulum and determines the acceleration of a falling body; it also 
affects the direction of growth of plants and is relevant to the study 


of the skeletal structure of animals. Phe inverse square law has its 


application to the intensity of illumination of a surface by a source 
of light; it is relevant to an understanding of the size of a lens of a 
carhera and the time of exposure of a film; the strength of a magnet 
| ect statement, but the 


1 The increasing order of atomic numbers is the corr 
atomic weights were the basis of the first periodic tables. 
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is calculated on the assumption that tlie law is equally applicable 
„to magnetic fields. However great tae determination to follow a 
straightforwazd logical sequence, it is almost impossible to avoid an 
j interrupted ang zig-zag course. 5 
When logic has been pursued es far as possible there is a sense of 
something harsh and austere about the arrangement. What is being 
framed is a syllabus for teaching, something for the growing mind 
of a child, and this fact must be kept constantly in view. The charac- 
teristics of the pupil must be considered as carefully as the logic of the 
science. Fortunately, as we have seen, there are many variants, equally 
logical, in the arrangement of scientific knowledge. Considering the 
sneeds of the child first, and then fitting into the syllabus the material 
suitable for each stage of the child’s development, the logic of science 
is allowed to exert a proper, but not disproportionate, influence. 
The resulting syllabus may not be as ‘tidy’ as one based upon pure 
logic, bwt the arrangement may be far more effective in stim ulating 
those very attitudes and activities which it is the main purpose of 
science teaching, to develop. 


(c) Grodping of material round a central theme — The spokes of a 
wheel may be arranged end to end, stretching out into a straight or 
zig-zag line. They may also be attached to the hub of a wheel and 
radiate from it. So does the method of presentation which aims at a 
logical sequence differ from the ‘project’ or ‘unit’ method. When a 
fatt is presented to.us we tend to remember similar facts, or facts 
which have.become connected with it in our minds for some reason 
or other. We notice something, we read a paragraph in a journal, or 
hear a conversation about a subject. We then seem to meet references 
io the same subject with quite surprising frequency. This is not 
because the subject has suddenly become of popular interest; it is 
„because we are now alert.to notice what otherwise we should have 
ignored. Our interest, thus aroused, spreads to matters connected 
with the original subject. This fact of association gives the clue for a 
method of arranging a syllabus, at least for the more elementary 
classes. When connected facts are grouped around one central 
theme, a ‘project’ or ‘unit’ may be developed. ! 

(i) Grouping round a scientific principle—The central theme for a 
project may be some matter of scientific interest, a scientific principle, 
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à scientific theory, orethe mEasurement of a physical quantity. Some 


examples have been given above of the’ way in which a scfentific 5 
principle, such ds ‘gravity’ or ‘the inygrse-square law’, can be logically 


pursued, but this is not quite the same approach.*The whole of 
mechanics can be organized àround the idea of *work'. Around the 
equivalenc&&of the various forms of energy, including chemical 
energy, all the data about animal and vegetable metabolism, the 
calorific value of foods, the maintenance of body temperature, and 
so on, could be collected. Around the idea of wave-motion could be 
grouped the study of sound, the measurement of frequency, the 
facts of resonance, the characteristics of musical notes, the speed of 
light and the rest of the electro-magnetic spectrum, the ‘tuning in’ to 
à radio broadcast, etc. A profitable series of lessons could be based 
on the measurement of temperature. A class may be led to consider 
the extraordinary ramifications of the vertebrate pattern among 
living creatures, or to study an environmental influence such as the 
weather. Biological themes might include the interdependence of 
animals and plants, or the adaptation of creatures to their environ- 
ment. The comparative values of various topics must be considered, 
With regard to their scientific importance as well as the practical 
value of the information to be gleaned from them. It must be 
decided whether or not pursuit of these topics will result in the 
development of desirable attitudes and skills on the part of the 
pupils. $ 
(ii) Subjects of immediate interest to pupils—In the place of vari- 
ous principles of science as central themes, topics likely to be of 
special interest to children may be selected, perhaps because‘ of their 
local connexions or because they happen to be prominént in the 
news. The ‘discovery’ of scientific principles or generalizations arises 
in the course of the study. It is claimed for this method that examples 


may be drawn from a wider field and that the relationships of the_ 


various branches of science are made more apparent. A topic, which 
takes the form of a question is likely &o arouse more interest in a 
Pupil than one in the form of a plain statement. 

Around the topic ‘What happens when things burn? may be col- 
lected the chemistry of oxidation, the physics of heat and its trans- 
ference, the botany of plant respiration, the zoology of animal, 
including human, respiration. The topic may lead to a further 
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collection of assoc ated material: to fodd and. diet, to vitamins and 
catalysts, to various imporiant catalysic processes such as the manu- 
facture of margarine and artificial fertilizers. Oxidation and respira- 

tion may be connected, with the functions of the blood, the heart, 
and thus with valves, pumps, and so oh. 

In a country where hydro-electric power is being dVeloped, or 
where large irrigation schemes are in progress, there are, ready to 
hand, themes of local and at the same time scientific interest, In 
dealing with the former the geographer begins with climate, rainfall, 
and physical features. An estimate of the catchment area provides 
an opportunity for the calculation of the approximate area of irregu- 

, lar figures. There follow subjects of considerable scientific interest, 
such as the use of water power, dynamos and power transmission, 
and the uses to which cheap electric current may be put in developing 
à country’s resources. Such a scheme is worked out in more detail 
in Chapter VI. The bewildering variety of ways in which a topic 
may be developed forms a practical difficulty when arranging a 
syllabus by this method. Questions arise such as: Shall ‘refraction’ 
be connected with a discussion of the various properties of water, or 
shall itfollow a discussion on reflection of light which itself has 
arisen from a discussion on the properties of metals? Shall it be 
connected with a topic such as ‘wave motion’ or be attached to the 
topic ‘how light travels’? There is no final answer. Every syllabus is 
to some extent a compromise, but every effort should be directed 
towards producing one as suitable as possible for the particular pupils 
and teacher who are to use it. 


(d) The child's stage of development — Those who have observed 
the free activities of children have seen how, in the playground, one 
game may be played to the exclusion of all others. This continues 
for some weeks perhaps. Then the popular game gives place to 
"another. Children cannot keep their attention fixed on one thing for 
long. The arrangement òf subject matter in small groups is therefore 
an adaptation to the way a young pupil's mind works, in recognition 
of his inability to maintain sustained interest. The wide variety of 
items in a General Science syllabus gives great scope for a variety of 
projects. In the earlier stages in particular the teacher must organize 
his lessons and practical work so that facts are understood and 
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results are obtainedequickly, before interest hashvaned and boredom 
taken its place. At this stag a syllabus made up of shortér topics, 
than those which pure logic would require can still provide any 
mental discipline that is required. To force uporf a child a logic, 
which it is quite beyond his powers to appreciate, may even develop 
a dislike Ter the subject, so hindering the process of learning. Of 
course there is much to be said for giving children opportunities for 
learning to ‘concentrate’, for pursuing a subject with logic and atten- 
tion. They should often enjoy the satisfaction that comes to a person 
who, having disciplined himself to follow a certain course, and 
having completed it, can say to himself ‘Good, I have finished that’. 
As pupils mature they are able to sustain interest over a longer 
period, and indeed need to be trained to do so. It is then that more 
comprehensive projects, occupying maybe a matter of weeks, or a 
whole term, can be arranged. Still later in the course, minds are more 
developed and capable of appreciating the discipline thatea logical 
order of study can provide. Then is the time tg let a collection of 
projects give place to the more traditional arrangement of subject 
matter. 

The unity of knowledge is amply illustrated by the possibility of 
starting with any one topic, for example, ‘the human body’, and 
eventually including every known principle of science. The,samé end 
could be achieved by starting with ‘the earth on which we live’, or, 
for that matter, with ‘water’, or even ‘the internal combustion engine’. 
Such arrangements, however, are very straiped and artificial: A 
very large table can be made to balance on one leg, but its equilibrium 
is unstable. So it is with a huge syllabus starting from oné topic. I 
is better to break it down into smaller topics, to ‘stop and re-start’. 
The topic has the obvious advantage of arousing more interest on 
the part of the pupil. The interest must not be lost in the boredom of 
pursuing paths too devious to follow easily. i j 

To the question *What is the ideal syllabus? there is MONA 
answer. The best syllabus js the best cémpromise between conflicting 
desirables. : 

One compromise may be exploited in the construction of a General 
Science syllabus. The study of biology requires a less rigid logic 
than the study of the physical sciences. Principles and examples 
Which are usually considered to belong to physics and chemistry 
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can first be arrangéd so that material Which illustrates principles 
common to both is kept together. Biosogical illustrations may then 
be fitted in afterwards where appropriate. In so far às some biolo- 
gical studies can’ only be» profitably undertaken at certain seasons of 
the year, it is better to attach the contribution of biology to the 
General Science curriculum rather loosely, through projects that are 
more self-contained. This is not to suggest that the contribution of 
biology is less important than the contribution made to the syllabus 
by physics, or astronomy, or mechanics; it merely suggests that bio- 
logical material is more amenable to varying arrangements. 


A method of compiling a syllabus 


One way of building up a syllabus for General Science in which the 
‘topic’ or ‘project’ or ‘unit’ method of presentation is mainly used 
is this. Ghreg sets of cards are made. The largest cards are about 
6 inches x 3 inches and are of one colour. The smaller cards are 
about 3 inches x, | inch and are of two other colours. On each large 
card is written one theme or topic for inclusion in the syllabus. On 
each of the smaller cards of one colour is written an example, of 
general or local interest, associated with the physical sciences. On 
eacli of the smaller cards of the second colour is written an example 
which might be included for its general or local biological importance. 
The large cards are then laid down in order, those with the topics 
which can be most readily understood, or, which are of most immedi- 
ate interest, being placed first; those whose subjects seem more 
difficult, or which refer to matter more remote from the pupils’ 
experience, being placed last: By each of the large cards is grouped 
the cards giving examples drawn from the non-biological sciences. 
Then the cards naming the biological examples are added. Thus all 
the material for the syllabus is grouped round the main themes. 

It is now that the experience and judgement of the teacher are 
likely to be most severely tested. The card relating to one topic is 
chosen, together with its attendant cards naming the examples. The 
latter are set out in some logical or psychological order, so that the 
sequence of the examples becomes as evident as possible. The biólo- 
gical examples are placed in the most appropriate places. Other 
groups of cards are then treated similarly. In the course of making 
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the arrangements there wilf be many transfers }rom one group to 
another, and there will be chánges ‘in thé order in which the*topics X 
are treated. Ey€ntually the compiler of the syllabus rust have the 
courage to call a halt to the shuffling. The total material must then 
be cut down until it represents what it is possible to doi in the school 
term in the ime allotted to the subject. 


A skeleton syllabus — A typical example, given in Appendix C, page 
289, contains the material that might be studied in a four-year ceurse 
of General Science, with suggestions for a fifth year (assuming that 
the pupil has not commenced a separate course in one or more of the 
specialized branches of science). Such a scheme can be nothing more, 
than an example, requiring adjustment and adaptation in any par- 
ticular area, even in a particular school. 

It does, however, suggest the sort of order in which material may 
be presented, except that the later sections (biology) must be fitted 
in when times, seasons, and conditions are most suitable and 
convenient. 

Teachers will note that the topics ‘water’, ‘air’, and ‘carbon diox- 
ide,’ provide a foundation of scientific knowledge, the subsequent 
subjects being arranged increasingly on more traditional lines. The 
method of treatment of many items in the syllabus is discussed, 
generally or in detail, throughout this book. 
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Varieties of method Š J 


When the teacher has decided what should be taught and why, and 
has the aims of science teaching clearly in his mind, he has yet to 
giveshis lessons. His task is to teach so that, in due course, the aims 
of the course may be achieved. Each separate purpose may demand 
a different method. In the course of a few months a teacher may use 

, them all. He may lecture, demonstrate, organize laboratory work for 
individuals or groups; he may encourage the formation of societies 
and clubs, provide films, lead an excursion, set examination papers 
with questions of various types, recommend additional reading, 
turn a class into a ‘brains trust’ or into a committee to arrange 
an exhibition, and so on. Whatever the methods, the ultimate 
aim must be an "understanding of Science. Ways and means for 
encouraging the desirable attitudes and skills are discussed in this 
chapters 


Repetition (short range) —Pupils do not.comprehend everything 
at once? For example, it may be a matter of weeks before the sig- 
nificance of ‘density’ is fully appreciated. During this time the 
determination of density by various methods is continued. Each de- 
termination introdüces the same idea—weight in relation to volume. 
Eventually the pupil will understand that density is a measurable 
attribute xf all substances, and will be able to make deductions as to 
weight, volume and density from relevant data. Even so, tests must 
be given at intervals until the idea is firmly established in his mind. 


“Repetition (long range)— The extent to which any question may be 
studied depends on such factors as the stage of mental development 
of a class, the background knowledge which it already possesses, 
and the time at the teacher’s disposal. As these factors vary, it is 
usual for a subject to arise more than once during a school science 
course. At each stage more information is gained and broader 


generalizations are developed or confirmed. It is not reasonable 


él 


to expect a pupil, an firstcquaintance with re}piration in animals, 
to dissect a mammalian hearg or on first acquaintance with enses to 
become familiàr with formulae relating the position, of objéct and. 
image with focal length. Such topics require gradual development*at 
various stages in the course. D * 
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Solving problems 
Knowledge of scientific facts is valuable, but it is even more valuable 
to be able to apply that knowledge to the solution of practical and 
everyday problems. (Problems are of many different kinds, and the 
word is used here in its widest sense: it does not refer merely to 
questions requiring numerical answers.) The sooner a pupil learns 
how to search for the answers to his own and others’ questions the 
better. In the process facts will be made known, scientific methods 
used, attitudes confirmed and interests aroused. dd 

Before leading a class towards the solution ofa problem, it is wise 
to consider whether the problem is set out in the best possible way. 
It must be stated clearly in words which the class understands, and 
it should be restricted in scope. If it is in any way ambiguous, or 
covers too much ground, it should be broken up into simpler parts. 
The methods which are applied must also be either familiar te*the 
pupils or be well within the range of their understandin§. It should 
be possible to reach definite conclusions by use of available appar- 
atus in suitably simple experiments. For instance, the question 
‘How does a mariner’s compass work?’ is not so simple as at first 
appears. Is the need merely to discover how it is used, or how it is 


suspended, or which way it points? Or, is it necessary to go jnto | 


the question of magnetism more deeply? If the latter, then attention 
must be paid to the common properties of all magnets, from magnetic 
iron ore onwards. In other words the question must be broken down, 
so that its ambiguities may be removed. The following questions 
might be suggested: — e 

What happens when a magnet swings freely? 

Do all magnets behave in the same way? i 

dn which direction does a freely swinging magnet point? 

What is the best method of suspending a compass needle? 

Is it best for a compass needle to swing freely over a graduated 
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circle, or for the cala on which the lattér is drawn to be attached 
to the iteedle and swing with it? — 5 

Will’tilting affect the needle? Is there any device för maintaining 
its horizontal position? , A 

From this series of simpler questions the original question is 

made more ameríable to experimental investigation. If ehe class is 
sufficiently aroused, the properties of magnets in general will be 
interesting enough to demand formal attention. A class of appro- 
priategrade may well go on to inquire what other direction-finding 
apparatus is available and be made acquainted with the gyro com- 
pass or the earth-inductor compass. 
, There is a fairly well defined sequence of operations in the solution 
of a problem. First the problem has, as it were, to be brought out 
into the open. Then some sort of stimulus, perhaps some matter 
that is uppermost in the minds of the pupils or of the community, 
or some question carried over from another lesson, is needed for 
a suitable beginning. Pupils must be aware that there really is a 
problem, and that its solution is desirable and will bring a sense of 
satisfaction. This awareness may be stimulated by a news item, a 
pupil’s ov teacher's question, or a well selected demonstration. In 
the absence of any better beginning the teacher may have to state 
baiaty the subject he has chosen, but the most profitable method is 
to deal with a problem which has already been raised. A short 
reminder of the circumstances which led to the raising of the 
problem is all that may be necessary by way of introduction. 

Next, the problem should be examined and, if necessary, broken 
down intd simpler portions, as described above. 

When the problem has beer? sorted out, and its parts clearly stated, 
the next process is to collect the information which will lead to its 
solution. This may come through deliberately planned experiments, 
or it may be obtained by searching reference books or magazines, 
from interviews with people Possessing the necessary knowledge, 
from facts observed during excursions, or from any other available 
sources. 

The information must then be sorted out to determine what is 
relevant and reliable. From this the next step is to propose a possible 
answer or reason. 

The scientist is not yet content. Any hypothesis must be subjected 
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to further trial, andeanothér series of tests ze We designed to find 
out whether it can be confirmed. For, if'a hypothesis is truej it will _ 
hold good for*facts and events other than those which led'io its 
propounding. Even then the process is not quite complete, and a final 
task may be to discover whether the fact or explanation obtained * 
has any practical application. If it has, then this ‘in itself gives to 
scientific methods an impressive value in the eyes of a class, and to 
produce this result is one of the major aims of science teaching. 

Two problems follow, and ways in which they may be attempted 
are suggested. They are examples of a line of approach to be followed 
whenever possible. 


Example A—Transpiration—What happens to the water used by 
plants? 

(a) Understanding the problem — When a plant, growing insa pot, is 
placed under a dry bell-jar, the inside of the jar soon becomes misty. 
—It appears that water is given off by the plant. Where can this water 
have ceme from?—The soil. How does the water get into the soil ?— 
Water is poured into it. Does the weather make any difference to the 
amount of watering necessary?—More is needed during dry and hot 
weather. When flowers and leafy branches are kept in a jar of water, 
more water must be added from time to time. Does the water in the 
jar evaporate straight into the air?—Or does it pass through the 
flowers and leaves first? During hot sunshine, or in a strong dry 
wind, leaves go limp and wilt.—Why is this? ? 

Thus might be launched a lesson on transpiration in plafits. How 
did these questions first arise? What started them off? Wliat trigger 
of interest was released to raise them? The teacher has not begun by 
saying, ‘Today we will study the phenomenon of transpiration in 
plants. Something much more subtle has, occurred. Somebody has. 
noticed, possibly from experience in the school garden, that, plants 
need more water in hot weather, or has pointed out the limpness of 
leaves in the sun and wind, or has realized that a jar of flowers and 
leaves lacks water. The teacher may ask himself, “But how can I be 
sure that these questions will be asked at the right time, so that my 
scheme of work can go along as planned?’ There is no certain answer, 
no rule to be observed. It may be suggested, however, (i) that perhaps 
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the teacher's schenk could be improved by revision; (ii) that, it is 
more important that scientific faets arid ideas should be taught than 


7 that they should be taught in gn unalterable sequénce; (iii) that, 


although the appropriate opening questions may not come from the 


^ class spontaneously, the imaginative arid skilful teacher can usually 


achieve the Same effect by judicious prompting; (iv)"tHat, in fact, 
pupils being suggestible, it is one of the recognized teaching skills to 
lead them to ask the desired questions and to leave them feeling that 
the initiative has been theirs. 


(5) Analysis of the problem — Has any question been asked which 
,can be simply answered by an experiment? Yes, that concerning 
flowers and leaves in a pot of water. Can the pupils formulate the 
question, the method, and the controls and variables? Is it a fact 
that water is quickly lost? Some flowers and leaves are placed in a 
jar of wgter and the fall of the water level is noted. Is this due to the 
flowers and leaves? May it not be due to ordinary evaporation? 
What experiment can be devised to find out? The usual scientific 
method can be used: two jars of water, of the same size and shape 
are used: The same volume of water is put into each, and the leaves 
and flowers into one only. Both jars are left together in the same 
piave under the same conditions. After a day any difference between 
the levels?of the water remaining in the jars is noted. 

Is there any means of finding out at what rate water is given off 
by plants, and what differences are made by temperature, wind, 
etc.? What exactly should be done?—Is it possible to collect and 
weigh tlie moisture coming from a plant in a given time? Can any 
pupil suggest how the moistüre might be collected? If it is difficult to 
measure the moisture from the leaves, is it possible to measure what 
goes into the leaves? By what route does it “go in’2—Through the 
stem. Is it possible to measure what goes up through the stem? 

“How 2—By Cutting the stem and inserting some measuring device 
through which the upward-raoving water must pass. A small leafy 
branch is obtained from the school garden, and the end put quickly 
under water. The simplest of all potometers is then fitted up, and the 
whole apparatus is filled with water. The stem is cut rather shorter, 
this time while the end is held under water, and by means of a piece 
of rubber tubing an air-tight joint is made between the stem and the 
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narrow tube into which it's put (Figure 5 (a)). ihe water level in the 
side tube is seen to move down gradually, showing that wafer from, 
the apparatus is moving out, and the only way outeis through the 
E s 


leaves of the branch. e 
€ P 


É o —stemof à v. # 
leafy plant 


water level 
moves down 
slowly 


Funnel A 
rubber — this or this — 


tubing 


(a) 


water level 
moves faster 


capillary tube 
with paper scale 


FIGURE 5.—A potometer. (Only the neck of the flask—conical or flat- 
bottomed—is shown. The whole apparatus must be full of water) 
(a) First stage. (b) Second stages (c) Third stage © 


Are there any criticisms of the app&üratus?—The movement of the 
water in the side tube is very slow. How can it be made to appear 
to move faster?—By making the tube narrower. A capillary tube of 
about 1 mm. bore is fitted into the side tube, either vertically or hori- 
zontally. This works admirably, for the movement of the water along 


the tube can be seen at once. But how far does it move in a given 


4 
G 


" :] 
$65. : TEACHING OF GENERAL SCIENCE 
> a z 

time?—The tube mist be graduated. Hőw?—By fastening a ryler 
behind it; or by making marks alóng if'at equal distances apart; or 
by fitting a piece of ruled writing,paper behind it (Fiure 5 (4)). (In 
thé latter case séveral parallel slits are cut in the strip, which may 
‘then slide along the tube through,the loops thus formed.) 

Are there any further criticisms ?—It is very awkward td’ put more 

water into the apparatus. How may this difliculty be overcome? Is it 
possible to make another opening?—Another hole is made in the 
cork, to take a funnel. But water-may now flow freely through the 
apparatus and out through the capillary tube.—How can this be 
prevented ?—By fitting the funnel with a tap; or by attaching it to a 
tube, passing through the cork, by means of a piece of rubber 
tubing and using a clip, so that water may be run in as required 
(Figure 5 (c)). Thus, by dealing with the difficulties one by one, and 
by improving the apparatus to meet each difficulty, a *Farmer's 
potometer’ is constructed. It is in fact not so much *Farmer's poto- 
meter’ as a potomefer devised by the class itself: a more important 
achievement. 
(c) Collétting the evidence — The problem has now been raised, and 
examined, and an appropriate apparatus has been devised. The next 
stage is tq decide what experiments are to be carried out. Let us sup- 
pose it is agreed to measure the rate of transpiration when the speci- 
men is placed: (i) in the sun; (ii) in the shade; (iii) in an open window, 
where there is shade,but plenty of movement of air. The procedure 
having been worked out, it will take only a minute or two to cut and 
fix a new specimen, should this be necessary. The plant is put in the 
sur the capillary tube is filled with water by turning the tap, or 
opening the clip, of the funnel, and the time taken by the water level 
in the tube, to move through, say, 5 line divisions, is noted. The 
apparatus is then placed in a closed room, and the time taken by the 
water level to move through the same number of divisions is noted. 
The experiment is repeated exdctly with the apparatus in the draught 
at an open window. The results are noted; for example :— 


Plant in: Time in minutes " 
sunshine : : ? 5 
closed room T ? ; 15 
draught of air 9 
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The results of the experifhent with the two jars of water are also 
available: the loss of water is far móre rapid from the jar confaining | 
flowers and leaves than by evaporation from that congaining ‘water 
alone. : o , 2i 

& 

(d) Interpreting the evidence — Whatadoes the experiment with the 
two jars show?—That water seems to be drawn from the jar by the 
leaves and dissipated into the air. What does the experiment with the 
potometer show?—That water is given up by leaves exposed tô the 
sun more rapidly than by leaves kept in the shade; and also that 
wind causes the leaves to lose water more rapidly than still air. 

(e) Conclusions — Plants lose water through their leaves. The water 
passes up the stem of the plant (having entered through the roots). 
The rate of loss depends on the temperature and the amount of 
wind. In what sort of country would a great deal of water be passed 
into the air?—In forest, jungle, and areas of dense bush. Rainfall and 
vegetation maps should then be compared.—It will be seen that the 
afforested areas are areas of highest rainfall. Why is this?—The mass 
of leaves allows so much moisture to pass into the air that itquickly 
becomes saturated and there is therefore more likelihood of rain 
falling. Or perhaps vegetation grows fastest where there js plefity 
of rain? Can both suggestions be true?—Yes, they can. 


(f) Practical applications —Is it possible to alter the climate of an 
area by planting forests?—Yes, assuming that the young frees thrive. 
Are there areas in the world where tree planing is done delfberately 
in an attempt to influence the climate 7—Yes, forestry departments 
often have this in view when areas proposed for development are 
being considered. 


(g) Other facts explained — Although people usually walk dn the 
shade along a forest path, and the tenfperature is lower than in the 
full glare of the sun, yet they find the atmosphere ‘heavy’. This is due 
partly to their being sheltered from any wind, but more especially to 
the*high humidity caused by the moisture passed into the air by the 
dense vegetation. Outside the forest the air may be hotter, but it is 
less humid and not so still. 
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The temperaturdjn the forest is lower'than outside. Is this because 
of the'shade alone?—No. Why ?—Beéause when a liquid evaporates 
it requires heat, becoming cooler and thus cooling the surface upon 
Which it rests.(The coanexion bejween evaporation and latent heat 
may be revised, if suitable, at this point; or it may be kept as one 
of the opening questions in subsequent lessons on latefft heat.) 

If we lie down on a pile of green leaves cut from the forest we 
notice that they seem cool to the touch even on a hot day. How does 
the movement of water through plants help them on very hot days? 
—It keeps the leaves cool and prevents them from becoming dry and 
shrivelled. 


Example B—Rusting—Why does iron sheet, used for roofs, rust and 
have to be replaced? 


(a) Sensing the problem — Here is a practical problem that affects the 
owners of houses,and other buildings. It is serious, because a great 
deal of money is spent, all over the world, on roofing materials. The 
money needed for frequent replacements could often be ased for 
other important purposes. 

Considerable damage may be done when roofs leak; things inside 
tie buildings may be ruined by rain, and the walls may remain wet 
for long ‘periods and finally break down. Rusty iron roofs give an 
unsightly appearance to a town or village, and visitors get a poor 
irpression of the inhabitants. Interest in the problem may thus be 
aroused from either the practical or the aesthetic point of view, 
preferably from both. & 
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(5) Analysis of the problem — The next stage is to sort out the fac- 
tors which may be involved; to break down the problem into smaller 
,, Parts, which, when solved, may provide an answer to the whole. The 

kinds,of questions which may now be asked are:— s 

(i) Does constant wet weather or constant dry weather affect the 
rate of rusting? 

(ii) Do iron roofs rust faster in hot than in cold places? 

(iii) Are there roofs made of other metals, and do these rust*and 
need replacing? F 

(iv) How does the rust differ from the original iron sheet? 
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(y) Iron roofs are sometimes painted. Does this serve any useful 
purpose, or is it merely to irhprové the*appearance? 

(vi) Where Goes rusting first begin on an iron sheet? 

b e 

(c) Collecting the evidence — The. questions which have arisen must” 
now be eXainined and the answers sought by systematic inquiry. 
There is no limit to the range over which it is possible to search for 
evidence. Experience in the laboratory, the rest of the school, the 
school compound, the home, the village, or more distant places, may 
all yield useful suggestions. Pupils who have read widely, or have 
developed good habits of observation, have an immense advantage 
over their fellows in the value of the contribution they can make tq 
this stage of the lesson. 

The laboratory is a place where, on a small scale and under con- 
trolled conditions, happenings in the world outside the school may 
be repeated. A full-size iron roofing sheet is too large and expensive 
to bring into a laboratory, but a small piece, either cut from a larger 
sheet or found discarded on some building site, will serve the purpose. 

A new piece of iron sheet, examined closely, will be seen to have a 
surface patterned with bright streaks, apparently crystals.Scraping 
with a sharp instrument seems to expose a different metal surface 
underneath. The partly scraped specimen should be handed aróund 
the class for examination, because here may lie an important clue to 
the understanding of the whole problem. f 

Taking the questions raised, one at a time but not necessarily in 
the order in-which they were asked, action might be as follows :— 

(v)—A pupil is selected to ask a local builder, or an “engineer, 
whose business it is to put up or maintdin roofs of this typé, whether, 
in his opinion, painting lengthens the life of iron sheets. This is a 
task to be carried out during out-of-school hours, not in class time. 

Perhaps a member of the class knows of two roofs, erected at 
about the same time, one painted and the other not, and may bé 
asked to find out whether there is any®evidence that one lasts longer 
than the other. 

(i)—Is any evidence available? Does any pupil know two areas of 
different climate well enough to be able to venture a useful opinion? 
If not, does any pupil know of an iron sheet upon which water con- 
stantly drips, for example from an overflow pipe, and is there any 
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reason to think that this rusts faster than might be expected? Where 
is this example to be found? —others should be able to examine it. 
"If theré seem to be no convenient examples which can help to answer 
the question, is it possible to arrange for some samples of sheet iron 
‘to be kept wet, and others dry, so that any differences in rate of 
rusting may be noted? 

This may lead to suggestions for an experiment :—small pieces of 
iron sheet are placed in three test-tubes of water: (1) in the ordinary 
state; (2) after scraping with a sharp knife; (3) after painting. 

If pupils have already learned that when water boils the dissolved 
air is driven out, this is the time to revise, and obtain the suggestion 
that three similar samples may be put into test-tubes, the water boiled, 
and stoppers at once employed to exclude air. The six test-tubes are 
then prepared and labelled. 

(iii) —Does anyone in the class know of roofs made of sheets of 
metal other than iron?—Aluminium sheet is being increasingly used, 
and lead sheet has been used for the purpose for at least 2,000 years. 
Do these rust as fast as iron, or more slowly, or not at all? Can 
we find out?—Samples of the metals are required, so that a piece of 
aluminivm and a piece of lead may be put in two test-tubes of 
ordinary water, and similar pieces of each in test-tubes of boiled 
water. The four samples are labelled and placed with the others. 

Are there any other metals which might be used for roofing?— 
Perhaps zinc, tin, or tin sheet (the material of which the *tins' (cans) 
of preserved foods are made). 

Evidently a few more specimens must be added to those already 
set out. So pieces of zinc foil, tin foil, and ‘tin’ cut from an empty 
food container are immersed in ordinary water, and in boiled water, 
as in the previous cases. 

(vi)—The results of the experiments should supply the answer to 
this question. ; 

E. (ii)—Pupils cannot find out directly whether iron roofs rust faster 
in hot than in cold countriespand it will probably be impossible to 
perform suitable laboratory experiments. The class may have to wait 
for a lesson about the effect of temperature on the speed of reactions, 
or may simply have to accept the fact that chemical reactions are 
slower when the temperature is lower. 

(iv)—Suggestions for an experiment to find the answer to this 
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question may have to,wait ufitil the results of the others are available. 
If, however, from his reading & pupil is able to suggest that the dif- 
ference is brought about by iron taking oxygen from the aif, the 
usual experiment may be set up. A little water is shaken up inalong 
glass tube closed at one end, and poured away. Iron filings are then 
dusted into“thé tube so that they stick to the wet sides. The tube is 
then inverted over a beaker of water and left to stand. 


(d) Interpreting the evidence —(v)—The report from the builder or 
civil engineer will show that painted iron roofs last longer than un- 
painted ones. It may also point out that roofing sheets should not be 


scratched, and that the number of nail-holes should be kept to the — 


minimum. 
(i)—Evidence provided by the specimens in the test-tubes may be 


summarized thus:— 


| ; € 
s Effect of ordinar; | Effect of boiled 
eu = s € | y Ms 
adl sd Lear cal ue End 
scraped iron sheet... . eens rusts | does not rust 
plain iron sheet . . . . . . | rustsat the edges does n&t rust 
painted ironsheet. . . . . . does not rust does not rust 
aluminium sheet . . . . . . does not rust does not rust.—- 
lead sheet . . . . . ee |) doesimoL rust does,not rust 
zinc foil. READ haat 5.35 does not rust does not rust 
tinfoil. . cetus does not rust does not rust 
edges does not rust , 


‘tin’ sheet from food can. . . . rusts at the | 
ys : ~ : OSES. SES ORES 
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(vi)—Rusting begins at the cut edges. . 
he ube and 
e 


(iv)—The iron filings rust; water rise part way up t 
then stops at a certain level. 


(e) Conclusions — The results of (i) and (iii) in respect of metals im- 
mersed in boiled water, show that it is the presence of air that pro- 
motes rusting. The results of (iv) suggest that there is a part of air, 
and only a part, that is concerned with rusting. The conclusion is 


that if air can be kept away from iron, for example by a protecting. 


Coateof some non-rusting metal (such as zinc, tin, or lead), the iron is 

not likely to rust. If the iron roofing sheet is scraped, or where the 

edge of the iron is exposed by cutting, then the iron is unprotected 
F 
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and rusts. Paint is also useful because it forms.an airproof covering. 
Scratches and nail-holes shouldbe avoided as far as possible because 
they "damage the protecting surface and so lead tò rusting. Sum- 
‘marizing the conclusions arrived at so far:— 

The iron used for roofing is usually covered by a protective layer 
of rustless “material. This layer appears to consist of another 
metal. 

Painted iron does not rust. 

Rusting takes place readily in the presence of water and air. 

Rusting uses up a part of the air. 

To prevent iron roofing from rusting it is covered with another 
material to keep the air away. 

In the course of trying to solve a problem it is often found that 
other questions arise, and these must be solved in their turn before 
a final answer is obtained. The routine of analysing the problem, 
working out appropriate experiments and collecting and interpreting 
the evidence has to be repeated for each question. 

In the example of the iron roofing sheets a further question arises: 
‘What is the layer of metal that covers and protects the iren? 

Apars from an analysis which is beyond the ability of a General 
Science class to understand at this stage, the possible answer is that 
iF-might be zinc, tin, lead or some other non-rusting metal. The 
teacher Thy then tell the class that the metal is, in fact, zinc and that 
the roofing sheets are usually called ‘galvanized iron’. He may des- 
cribe how they are made by dipping them, when perfectly clean, into 
a bath of molten zinc. He may also inform the class that the ‘tin’ 
(can) ir which food is preserved, and in which so many other 
articles aze packed, is, in faut, iron sheet covered with a layer of the 
metal tin, 

Thus question, designed experiment, evidence, and information, 
are fused together to provide an answer to the original problem. 


(f) Practical applications —She conclusions that have been drawn 
about the rusting of iron have many practical applications. The 
evidence suggests that roofing sheets should be treated carefully 
if they are to last; that paint over the layer of zinc gives additional 
protection to the surface; that sheets of metals other than iron are 
likely to last longer; and that there is a considerable future for the 
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use, of aluminium, which Goes not rust, requires no metal covering 
or painting, and will last for enany*years. " 
LÀ € 
(g) Subjects for further study — Branching off from the iron roofirfg 
sheets problem there are now other problems that may be pursued “ 
further. The question (iv), ‘How does the rust differ from the original 
iron sheet?’ has not finally been disposed of. When it is placed by the 
side of the question ‘What happens when things burn?’ the similarity 
in the fraction of air used up in each case provides one clue to the 
answer. There follows a study of oxygen, and the preparation and 
composition of oxides, with basic and acidic oxides; and then a long 
series of problems comes into view.» P 


« 


This kind of treatment of a problem should be à regular feature of 
scieliée lessons, so that pupils come to regard it as normal procedure 
and to adopt it as a habit. e 


Development of ability to think critically " 


The ability to think critically is essential in a scientist. There are 
frequent opportunities during a science course for deliberatetraining 


of pupils in this respect, as the following examples show. oe 


(1) Precision in definitions — For young pupils ‘definitions ‘must often 
be descriptive rather than generalized, but they should always be 
clear and exact. The description is usually in terms of properties and 
uses one particular example. For instance: “A bottle full. of mercury 
is much heavier than the same bottle full of water: this is due to the 
greater density of mercury', and *Wheif q vertical glass tube of nar- 
row bore is partly immersed in water, the level rises inside the tube 
and remains higher than that of the water outside. This is an example 
of capillarity Such statements are correct and are satisfactory for 
beginners. On the other hand, to say that ‘An acid turns blue litmus 
red' is misleading because it applies only in certain cases. Thus it 
leads pupils to think that It is universally true, and also to assume 
that all bases turn red litmus blue and that all salts are neutral, 
(Yet they find that even ‘acid’ sodium carbonate turns red litmus 
blue, and ferric chloride turns blue litmus red.) The mistake lies in 
introducing the action of an indicator. It is far better to state that 


o 
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‘An acid is a substance which reacts with a base to produce a salt 
, and water’, even though it'is netessary to point out that ‘base’ and 
‘salt’ are defised in a similar wav, and that the ‘definitions’ therefore 
form a closed éircle. > i 
At a later stage more precise definitions may be expected. For in- 
stance: “Density is the weight of unit volume of a substance. It may 
be measured in grams per cubic centimetre or any other convenient 
units of weight and volume’, and ‘An acid is a compound in which 
each*molecule contains at least one hydrogen atom replaceable by a 
metal’. 


The meaning of a word is sometimes easier to explain: e.g. 
,'amorphous means without definite shape; non-crystalline.’ The only 
difficulty in a case of this sort is to keep the vocabulary within the 


ready comprehension of the pupil. 

The precise use of words is a skill which the pupil should be 
encouraged to apply in all his affairs. The teacher should therefore 
provide many opportunities for the framing of definitions, and should 
help the members of his class to avoid careless and ill-consitiered 
statements. This will involve class discussion about possible ambigui- 
ties, and criticism of the proposals put forward. It is advisable to 
arrive as soon as possible, in appropriate cases, at a definition in 
téfins of measurable quantities, i.e. at a mathematical statement. But 
this should never be attempted until the pupils are ready for it and 
capable of using it. 

As in so many other aspects of science teaching, the chief 
problem will probably be to decide upon the degree of precision to 
be demahded at any particular stage of the course. If the finer points 
of ,a definition imply greatet knowledge than pupils possess, they 
cannot be expected to understand it. Thus it is the teacher's duty 
to help them to make a definition which can be understood and 

, accepted, but which will not prove to be false even if further know- 
ledge should show it to be inadequate. 
o 


(2) Control of experimental errors — There are many occasions when 
the science teacher can encourage his class to consider experimental 
errors and methods for avoiding them. There must be constant 
emphasis, of course, on careful and conscientious work and the use 
of the best techniques, but the importance of critical thinking must 
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also be stressed, however indirectly. Measurements of all kinds must 
be made to the degree of accufacy permitted by the particular instru- 
ments employed, so the teacher must discuss, and where necessary 
explain, not only the correct methods of use but the reasons fot 
them. There must be determination to reduce personal errors to a “ 
C € 
minimum. 
‘Constant errors’ should also be mentioned when opportunity 
occurs. They are often linked with the separation or elimination of 
various factors in an experiment. One common method of procedure 
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faulty set-square 
(second position ) 


faulty set-square 
(first position) 


A D B 
FIGURE 6.— The construction of a right-angle with a faulty set-square (an 


example of one method of correcting results) — , i 


may be given as an example here. The speed of sound in still air can 
be found even when a wind is blowing. This is done by finding the 
speed simultaneously in two opposite directions, the mean of the two 
results giving the correct value. This method is often used for the 
readings of such instruments as magnetometers, dip-circles, theo- 
dolites, etc., and gives a check on theiraccuracy. It can be illustrated 
by the construction of a right-angle by means of a badly adjusted 
set-square. (In Figure 6, angles APX and BPY are drawn with the 
inaecurate set-square. They are therefore equal, but each is less— 
it might be greater—than a right-angle. Angle XPY is bisected by 
CP, which thus forms an exact right-angle with AB.) 
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(3) Classification of facts —The search fór general principles and un- 
known relationships is a scientifie method which involves the arrange- 
ment"of known properties in some definite order. The E.M.F. series 
of the elementis a classic example. The method can be illustrated at 
? General Science level by compiling a list of the properties of metals. 
Dade the course a class becomes acquainted with fatts concerning 
the rusting of iron, the prevention of rusting by a coating of zinc 
(in ‘galvanized’ iron), or of tin (as in canned fruit ‘tins’); with the 
electro-plating of cutlery by silver, and with chromium-plating. The 
resistance of various metals to the action of water is studied. The 
action of sodium, potassium and calcium on cold water and the 
effect of magnesium on steam are also observed. The use of copper, 
"silver and gold in coinage is another aspect of the same subject. An 
attempt can then be made to place the metals in a numbered order 
approximating to their reactivity with water. Other properties of the 
metals are noted, for example their relative conductivity of heat, 
electrical resistance (copper for conductor wires, nickel-chrome for 
resistance wires, mercury for contacts between wires), density, and 
hardness. A nümbered order can be suggested for each property, 
and all,these can then be combined in a final table: 


ES TJ * | m 
22 Metals 


Properties | aor ——— : = 
WaBECESDpNICEP E. |G |.H 
» | 
2 
Action on water . . . . 1 2 3 4 5 6 7 8 
(fast torslow) 
Tarnishinginair . . . . My usus 76-7 |.8 
‘fast to slow) $ NI | 
Heat conductivity RIZR C3 pell 6sts5-| 7-| 8 
(bad to good) | | | 
Electrical resistance . . . 3 2X9 M DRE 4 SD BET 
,.. (great to little) , M | 
Hardness. 1 QW 3d ta 8 5 6 64 
(soft to hard) o 
Density Jal cM ouiesc| 4 | 8| 7 


(low to o high) eias | 


* 


From such a list a student should gain insight into four important 
matters;— 
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(i) The method, ¢gontinvally used by scientists, of trying to dis- 
cover relationships between properties. * ^i 
(ii) That exact correspondence between various sets of properties à 
of a series of substances is unusual. ; e " 
(iii) That generalizations are more readily deduced when such a“ 
list is preparéd: for instance, in the above list it can be seen that, in 
general, (a) the denser the metal, the better it conducts heat and 
electricity; (b) the less dense the metal, the more readily does it 
react with water, and so on. E 
(iv) That generalizations make it much easier to remember the 
facts which they summarize. 


(4) Classification into categories — From time to time in a science 
course problems arise which demand a critical estimate of alterna- 
tive possibilities. For example, ‘is a sponge a plant or an animal?’ 
The teacher may recite the facts, and the pupil may learn,them by 
heart, but this provides little scientific training. It is better to recall 
the facts already known, or to try to elicit from the class the charac- 
teristics of animals and plants. Then, with a knowledge of the life 
history of a sponge, the pupils are challenged to state in which 
category a sponge is best placed. Era 
(5) Reliability of results — The reliability of a set of values tan often 
be checked by plotting a graph. For example, a class may be told 
that the following figures were obtained in an experiment to demon- 
strate Boyle's law: É 


P (Pressure) V (Volume) e 


lb, per sq. in. é e.c. e 
15 à ILE, D 22:0 9 
12 mda MA 28-0 
10 E ey SEED tis 32:5 
8 2 eae, cha pt 38-0 
6 RAS ee cee ys 35-0 c 


If these values are plotted on a graph it becomes evident that the 
readings P — 8 Ib. per sq. in., V — 38:0 c.c., are out of keeping with 
the others. What should be done?—A critically minded class may 
suggest that the experiment should be repeated to check the original 
values. If repetition confirms the figures, then some hypothesis 


must be sought to explain it. 
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Desirabje attitudes ' eh; tie ^ 
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* Understanding, of a principle—Pupils can often be Helped towards 
füll understanding by encouragement in the collection of a large 

number of examples with one common principle. This useful exercise 
not only emphasizes the particular principle, but draws attention to 
the number and variety of its actual and possible applications. The 
following are two simple illustrations of this point:— 

(i) Valves—There are many types and numerous applications of 
contrivances to permit only ‘one-way traffic’. (Several of the smaller 
kinds can be fastened to a display board, preferably with boldly 
drawn diagrams to show how they work.) (a) Air valves, e.g. of car and 
bicycle tyres, bellows, football and vacuum pumps. Valves for other 
gases and vapours, as in steam and internal combustion engines, 
safety valves, etc., may be studied. (b) Valves for liquids, e.g. in lift 
and force pumps, in the mammalian heart and arteries, at the outfall 
of sewers or drains (to prevent back-flow during floods). Water-taps— 
faucets—are not valves in the strict sense, although in normal usage 
they allow only’a one-way flow. The comparison is useful;for an 
analytical discussion. (c) Electrical devices, e.g. rectifiers, including 

. radio valves, which accept alternating current (i.e. flowing in oppo- 
site directions alternately) and permit current flowing in only one 
direction’td pass through. 

(ii) Resonance—A rigid body has its own natural period of vibra- 
tion. When it is struck gently but continuously in a manner corre- 
sponding to its natural frequency, a large vibration can be built up. 
For instance: (a) A person jumping up and down in the middle 
of a plank supported only a the ends causes it to vibrate strongly. 
(b) Doors or windows sometimes rattle violently when a vehicle 
passes. (c) A blow of the hand on the cement wall of a room some- 
times produces an audible note. (d) Soldiers are ordered to ‘break 
‘step’ when crossing a bridge. The regular tramp of marching feet is 
said to have caused the breakdown of one bridge. (e) Earth tremors 
have caused the collapse of large, rigid structures, leaving humbler, 
and apparently less stable, buildings unaffected. ‘Skyscrapers’ are 
built in such a way that they sway gently in such conditions or even 
in a high wind. (f) A corrugated road surface can produce an un- 
expected shudder in a car travelling at a particular speed. This is 
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thought to be the cquse ofthe shattering of a large number of car 

windscreens on certain roads. (g)'In old-fashioned cars the fre- 


quency of the blows on the tyres, due to road corrugation, Would x 


sometimes correspond to the natural frequency of the«car's springing, 
and create an alarming ‘wheel wobble’. (A) Some singers have been “ 
able to break a wine-glass by singing a particular note into it. 
Thus, even the slight blows of air waves, of the right frequency and 
continued long enough, may shatter a rigid object.! Hence the 
‘explanations’ suggested in the next two examples are not impossible. 
(j) It has been suggested that the walls of Jericho collapsed owing to 
resonance. (k) A guide in the high mountains is said to have started 
an avalanche by whistling, causing a delicately poised block of ice to , 
tremble and fall. (/) A violent wobble is sometimes imparted to a 
shaky table by a sewing-machine turned at a certain speed. 

When practical work is supplemented by the study of such 
examples, the principle is not only impressed upon the memory 
but its significance and importance are appreciated, and the facts 


also are more easily remembered. 
« 


a 


Reliance upon experience — A. pupil, having completed an experi- 


ment, made a measurement, or come to some conclusion, is apt to _— 


enquire of a companion: ‘What do you get?’ or, lacking confidenc£ 
may ask his teacher, ‘Sir, what is the right answer?’ Thé feacher’s 
reply should be ‘What do you get?—'Have you checked your 
methods and calculations carefully? Have you made sure that you 
have not made a slip, overlooked an instruction, or allowed some 
avoidable error to creep in?' It may be necessary to advise such a 
pupil to carry out the experiment a sedopd time. When all this has 
been done he should be encouraged to stand by his conclusion and 
regard it as Ais result. 

If the pupil continues to ask ‘What is the right answer?’ the 
teacher may tell him the usual value given in the text-books, adding* 
that text-books often quote only avecage values, obtained from a 
variety of specimens. It máy also be said that the values are some- 
times taken from reports of scientific research, carried out by skilled 
experimenters in laboratories under the guidance of famous scientists, 


across the mouth of a tall measuring cylinder 


1 When an ascending scale is sun; 
Send Senf resonance can be both heard and felt. 


held in the hand, at a certain mom: 
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and thus may refer to particular spécimens, specially selected, 


or puftified by long and tedious methods, etc. The pupil should 
^ understand that, in view of the time and apparatus“at his disposal, 
and in the absence of the almost unbelievable precautions that pro- 
? fessional experimenters take, he, may ‘have done well to obtain a 
result within perhaps 5 per cent. of the text-book value. ` 


Honesty — The teacher's attitude must clearly show reliance upon his 
owneresults when he is doing demonstration experiments. If, as 
sometimes happens, a determination by the teacher provides a result 
far removed from what might reasonably be expected, then he must 
„never make excuses for himself, nor try to adjust his readings or 
results to correspond with some theoretical value. The teacher, in all 
sincerity, should apologize for clumsiness or for making mistakes 
he could have avoided. He may well have to repeat the experiment, 
as a pupil might be expected to do. If a teacher frequently finds 
himself in this sort of difficulty, then he has probably taken insuffi- 
cient care to practise his experiments before the lessons. But if the 
need for repetition is infrequent, far from ‘losing face’ with his 
class, he will, in the long run, gain their increased respect, and 

give them a very effective lesson in the importance of scientific 
Mtegrity. 

Scientiffe ‘proof’ of fact or statement is often impossible in elemen- 
tary work, and the teacher should beware of false pretences. The 
experiment commonly performed to ‘prove’ that sound travels 
through air may be laken as an example. An electric bell is suspended 
in a belkjar, from which the air is then withdrawn. Complete in- 
audibility cannot be obtained when the bell rings in this simple 
apparatus, although there is a very considerable reduction in the 
volume of sound. The teacher must be honest in stating the conclu- 
sion, which might be: ‘As the air is gradually extracted, so the sound 

> heard gets less and less. Thus it seems probable that in a perfect 
vacuum no sound would be»heard.' He should point out that he 
cannot provide a rigorous proof. $ 

Honesty must be the invariable rule, involving if necessary a 
confession of failure or ignorance. The teacher’s example is sthe 
most important factor in the development of his pupils’ appreciation 
and understanding of scientific methods, 
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Sense of responsibility — The personal responsibility of a scientist for 
his published results can be illustráted when a teacher takes from a 
class a numbef of their results to be included in a summary for all to E 
copy. The name of the student responsible for each result can Be 
added in brackets by the side of the recorded value. 2 
Integrity — ^ pupil often has to rely on others for some of the 
experimental facts from which a conclusion is drawn. He naturally 
demands integrity of his fellows. In return his classmates expeet him 
to make experiments and records which can be relied upon. By care- 
ful arrangement of practical work, a corporate sense of responsibility 
can be built up. The teacher may remind a class so trained that a, 
community as a whole can only reach its highest level of develop- . 
ment when the habits of integrity and reliability, essential in a science 
laboratory, are exercised in every aspect and walk of life. 
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Appreciations in science 


Scientists are often remarkable for their tireless research and in- 
cessant probings into Nature. What provides them with tke enthu- 
siasm that marks their activities? Why do they find the study so |. 
absorbing? One purpose of teaching science is that pupils may corfie- 
to understand something of this enthusiasm, to appreciate the spell 
cast by science over its students, and to perceive how scientists main- 
tain, through long spells of apparently fruitless search, the convic- 
tion that it is well worth while. : 

It is remarkable how often people who have made valuable con- 
tributions to knowledge, when seeking’ to explain their inspiration, 
attribute success to the influence of a teacher. The enthusiasm of the 
teacher, much more than his knowledge, communicates itself to the 
pupil. Unfortunately, there are teachers who, lacking imagination 
and enthusiasm, merely convey information, and regard their pro- 
fession solely as a means of livelihood. A teacher cannot inspire the 
gifts he does not possess, nor expect a pupil to follow where he does 
not lead. It is unfortunate that those teachers who lack the spirit 
which should inspire them are usually least conscious of their own 


condition. 
Understanding of science is not developed in the absence of 


G 
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emotional bias. Inevitably the pupil has’an emotional as well as an 
intelle&tual attitude to the *subjéct. THe two may be at variance, as 
when a boyis,interested in science as a study, but has little respect for, 
j Òr even dislike? his teacher. An inquiring mind may be withered by 
a teacher's sarcasm. The satisfactjon to be found in a reasoned argu- 
ment may be partly frustrated by irritation, conscious or unconscious, 
at the incompetence of a teacher who leaves loose ends of arguments 
untied and allows himself to be distracted from pursuing a steady 
sequence of lessons. A pupil may fail to discover the purpose of his 
study, or it may appear to him to be remote and irrelevant, causing 
his interest to wane and making him indifferent. The knowledge of 
, ‘how the body works’ may not have been presented in the form 
‘how my body works’. Study may have been centred on ‘a plant’ not 
‘my plant’ or ‘our plant’. It may be that the material is not suited to 
his particular stage of emotional development, or is remote from his 
own experience, or that the teacher has failed to take clear the 
important connexions with familiar things or facts already known. 
The teacher sometimes mistakenly assumes that necessary discipline 
may be resented, that a pupil desires his studies to be made easy, and 
that, if they are not, he will lose interest, The reverse is quite as likely 
. to be true. If the purpose of the study is seen to be worth while, 

ihterest is created and thrives on the discipline demanded. 

Such aftitudes as these, in the minds of pupils, form the back- 
ground against which the teacher must play his part. But in many 
instances there comes to the pupil a moment of-insight, when that 
which was remote becomes real and immediate, a momént of illum- 
ination When truth and knowledge for their own sake become 
supremely worth while. Theh exploration of the unknown becomes 
a passion rather than a task, offering a challenge which must be 
met, and the mechanical processes of scientific investigation are 

, recognized as merely ingenious methods for revealing the incom- 
parable wonders of Nature. It is not within the power of even the 
best of teachers to guarantee that any particular pupil will experi- 
ence this *enlightenment', which does not accompany pride but is 
given only to the humble. But every teacher can work and scheme 
for it; even hope and pray for it. He can do no more, he should do 
no less. 

In order that the pupil may enjoy the satisfaction of an illuminat- 
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ing experience, the teacher himself must be constantly aware of the 
real meaning of his subject.‘ For example, to the questiorf “Why 
teach biology?” there are numerous answers: to improve the méthods 
of agriculture and animal husbandry; to, raise the standard of 
hygiene, both public and private, and to reduce sickness and disease; ? 
to give pupils an understanding of their environment and increase 
their ability to control it; to enable them to appreciate scientific 
methods, especially the use of control experiments, and to train 
them to use them; to encourage their powers of observation; to 
instruct them in the orderly arrangement of knowledge, and to draw 
attention to the beauty of many of Nature’s products. But there is 
more than that. Biology differs from physics and chemistry in, 
dealing with that vast procession of living things which grow, repro- 
duce and die, a process which never stands still, and of which 
the beginning is shrouded in mystery and the end impossible to 
foresee. . dre 

A cinema operator may stop a film to permit more careful examina- 
tion of a scene, but the full meaning of the picture cannot be grasped 
unless ¿t'is regarded as one of a sequence, many others coming 
before and after. So the biologist may take his separate facts, e.g. the 


tests for starch, or the study of the composition of the blood, and _ 


give ther prolonged attention. But the biological significance P 


starch catinot be realized apart from an understanding of its place 
in a continually repeated sequence of photosynthesis and. oxidation 
—the ‘carbon cycle’, Nor does the biologist study blood merely as a 
liquid with certain constituents: it is a fluid in continual motion, a 
veritable liquid highway, along which cells ‘barter’ and exchange their 
contents, where chemical reactions go férward or are reversed, where 
chemical messengers deliver their instructions, where materials are 
immediately available for the repair of wounds, where wandering 
‘police’ cells deal with invading germs and,a whole army of specifics f 
is at hand to deal with their poisons. - x 
It is the task of the teacher to make the pupil aware of the ever- 
changing condition of the biological material he examines. This 
should be so constantly emphasized that, in the end, the pupil no 
longer sees a flower, for example, just as it is for the moments when 
it is under observation. He should be conscious that some days ago 
it was a bud, its parts indistinguishable, protected in its calyx; that 
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some living force lengthened its stalk, oened its calyx, developed its 
separate parts; that later the plant, through the flower, by itself, or 
aided by the;presence of neighbours of its own sort, or helped by the 
‘wind, or insects, or water, or some other agency, will produce the 
> means for the survival of its kind. In due course only the persistent 
seeds will remain, to begin a new life, repeating the old, while the 
rest of the flower, having served its turn, will perish and return to the 
earth which nourishedit. When the pupil looks at the flower he should 
see at not only as a ‘specimen’ but as a living thing at a particular 
stage in a continual process of growth and change. Similarly, when he 
examines a lump of earth he must recognize it, not as something 
, dead, but as a collection of materials undergoing physical changes 
and full of living organisms incessantly at work to bring about or 
accelerate chemical changes, the whole providing anchorage and 
nourishment for plants whose survival depends on the continuance 
of these invisible processes. Biology is a study of living organisms, 
not dead ones. A 1 
Other parts of the General Science syllabus have their own central 
ideas: for instánce, mechanics is based upon the idea ofe‘work’; 
chemistry is the study of changes in the composition of molecules; 
— physics is concerned with the measurement of certain units and 
"energy relationships. These ideas permeate every aspect of the respec- 
tive branches of science: the teacher of General Sclence has no small 
task to keep them clear in his own mind as he deals with his wide 
variety of subject matter. Yet, unless he does so, and brings them 
consciously to the attention of his pupils whenever possible, he fails 
in one ef the finest aspects of his duty—to try to instil a genuine 
appreciation of science. , 


Growth of interest and stimulation of imagination 
LJ 


> The teacher of science frequently emphasizes the smallness of the 
atoms, these ‘bricks’ of which the material world is made. He tells 
his class that no human eye can ever ‘hope to see them, that no 
ordinary microscope is powerful enough to show them, that not 
even the latest electron-microscope will enable a scientist to set an 
atom. How, then, should a teacher reply when a pupil asks, ‘If an 
atom is too small to see, how do you know there are such things?’ 
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He should not answer ‘You wouldn’t understand’, or ‘There is no 
time to answer this question’, or ‘Perhaps in a year or two We will 
deal with the matter’. He should remember instead that: — 

(a) The motto ‘Strike while the iron is hat’ is always applicable ifí 
teaching. | at ub e 

(b) He must beware lest failure to provide sonie answer creates 
an impression that he does not know. Such a suspicion gains ground 
if pupils are frequently put off, and the class loses confidence in the 
teacher and in the science he professes to teach. © 

(c) Although the relevant calculations may be beyond the ability 

of the pupil to reproduce, or even to follow, yet most of the class are 
likely to have a little knowledge upon which an answer may be based., 
It is often possible to appreciate the ‘argument’ used by scientists, 
even when the facts upon which it is based are only faintly under- 
stood. The ‘proofs’ of many theories do not depend on direct 
demonstration. They are built on an accumulation of evidence all 
pointing in the same direction. For instance:— 

(i) The acceptance of organic evolution is not based on any single 
argument. The distribution of animals and plants; ‘Classification of 
living things in orderly sequence, each class differing slightly from 
the next; the existence of fossils; the clues provided by vestigial _ 
remains; all these build up a confidence, if not a certainty, that the 
idea is correct. * d 

(ii) The scientists’ estimates of the age of the earth are based upon 
measurements of the thickness of layers of sedimentary rocks, on 
theories about the influence of tides, on the shape of the solar system, 
on the rate of cooling of the earth, on the percentage of lead in 
certain radio-active minerals, and so dh, Y * 

(iii) The estimates of the height of the earth's atmosphere are 
based upon the variation of air pressure with altitude, on radio 
phenomena connected with the Heaviside and Appleton layers in the 
stratosphere, on the height at which meteors become visible, on data ^ 
obtained from experiments with rockets, and so on. 

The more nearly conclusions reached by different methods agree 
with one another, the more confident is the scientist in the accuracy 
of his final figures and the theories he advances. 

Similarly the proof of the existence of atoms and molecules is 
based upon evidence drawn from many sources. Hence at least a 
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partial answer to the pupil's question may be given by a brief outline 
such as the following: — aa 

' (1) Data inpporing our belief in ues existence of atoms and mole- 
^cules— 

' (a) The most ‘eBid ‘evidence i is the fact of ‘the Brownian move- 
ment’, easily seen under a microscope of moderate power. 

(b) The facts of osmosis and diffusion are simply explained if 
particles of matter are small and in constant motion. 

(c) The conduction of heat is easily ‘explained’ on the theory of 
molecules in motion. 

(d) The ideas of molecular movement enable us to account for the 
fact of gas pressure, its variation with temperature, and the way in 
which gases do not invariably behave as Boyle’s law would lead us 
to expect. 

(e) The chemical laws of constant composition and of multiple 
and reciprocal proportions are neatly ‘explained’ if the existence of 
atoms is assumed. 

(f) The properties of magnets, the mechanism of electrolysis, the 
emanation of cnarged particles of helium from radio-active bodies, 
add to the evidence for the existence of atoms and molecules. 

,0 There are various methods of calculating the sizes of atoms and 
^molecules— 

(a) Ttie~size of the smallest particle that maybe seen under a 
powerful microscope can be estimated. The atom must be smaller 
than this. 

(5) A more direct measurement is that used in finding the mass 
and charge of the particles given off from radio-active bodies and 
in X-ray tubes. The calculat.ons are based on the way in which the 
radiations are deflected from their paths by the influence of magnetic 
fields. 

(c) A method has been worked out by which, from the rate of 

"movement of electrically charged particles of fog (produced arti- 
ficially in a small box), the size of both particle and charge can be 
obtained. 

(d) It can be shown that particles in crystals are neatly arranged 
in rows. By using X-rays the spacing of the rows can be measured 
and hence the maximum size of the molecules determined. 

(e) The blue colour of the sky has provided a method of estimat- 
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ing the size of particle which' could cause the absorption of red light 
and the dispersal of the blue tight. g 
Such lists and the ‘explanations’ involved may be expanded and 


adapted according to the age and ability of the class. The pupil may 


not be able to follow exactly! how such methods are worked out in 
practice. The teacher himself may not know much more; but a com- 
plete grasp of the details is not necessary. That is for the technical 
expert or the research worker. It is sufficient if the pupil has some 
understanding of the methods, and can begin to appreciate the.per- 
sistence and ingenuity of the scientists who devise and apply them. 

Thus a simple, perhaps casual, question can give an alert teacher 


— 


the opportunity to illustrate scientific methods and to fulfil one pur- - 


pose of the teaching of General Science—the stimulation of the 
student’s imagination. 

` 
Serving the community E 
The ideals of service should be encouraged throughout all phases of 
school life. Science classes often provide special opportunities, the 
following being one example. " 


Keeping weather records—1f the economy of a country is to be 


wisely planned, various facts about the weather must be "known. 
These include a knowledge of the average rainfall of an area, the dis- 
tribution of rainfall throughout the year, the average temperatures.at 
different seasons, and the humidity of the air. Agricultural depart- 
ments need the information so that they may give advicé about the 
most suitable crops to grow. Forestry “departments can plan their 
programme of reafforestation only when the climatic conditions are 
known. Irrigation departments need the information. so that an 
effective policy of water conservation and distribution may be 


adopted. Medical departments compare weather records with the ‘ 


times and frequency of outbreaks af such diseases as malaria, 
typhoid, and cholera: it may be possible to forecast the probability 
of epidemics and thus to be ready for any emergency. 

Schools should be prepared to organize the keeping of meteoro- 
logical records. The task gives pupils training in the reading of 
instruments, emphasizes the need for dependability in making 
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~~ bulb thermometers by means of a table such as 7 (a) in Appendix J, 
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measurements regularly and without? fail, develops in them a 


sense"of responsibility, and gives them the opportunity of doing 
useful service without expectation of reward. 
“> The maximum, minimum, and the wet and dry bulb thermometers 
” are kept outdoors in a ventilated box of standard size and pattern. 
It is called a Stevenson sereen. The instruments are read at the same 
hour each day (usually 9 a.m.) and the maximum and minimum 
indices are then re-set for the next 24 hours. 

The rain-gauge is placed so that its top is a foot above the ground 
on a level site well removed from trees or other obstructions. The 
rainfall is recorded daily, again usually at 9 a.m. 

Similarly, the barometer, usually the Fortin standard mercury 
type kept in the laboratory, is read daily at the same time as the 
other instruments. 

The readings made on a certain day, say the 17th of the month, 
are recorded thus: the maximum temperature is recorded against the 
16th day, because the highest temperature was almost cértainly the 
temperature of the previous afternoon. The rainfall is recorded 
"against the 16th day, because most of the hours between 9,a.m. on 
the 16th-and 9 a.m. on the 17th belong to the 16th day. 

Relative humidity is obtained from the readings of the wet and dry 


IJI, page 354. é 
The records provide data suitable for display in graphical form. 
it is advisable for the teacher to get in touch with the nearest 

Meteorological department. Officers from the department will usu- 

ally advise on the selection and placing of instruments, and on the 

keeping of records, It is not to be expected that the school should 

"make corrections for altitude, temperature, etc., although this may 

be done by more advanced classes. 

Monthly summaries of the readings should be prepared and ex- 
> hibited on the notice board, and a copy sent to the local Meteoro- 
logical office, which will usually supply forms for the purpose. 
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The Teacher and his Methods 

o " i 

A teacher may appreciate the place of science in the modern world 
and in the school curriculum; he may have considered how best to 
select and arrange a syllabus; but this is all preliminary to his real 
task. The business of the teacher is to teach. This may sound like a 
platitude; it is none the less true for that. A man may know the neces- 
sary facts, he may be'ingenious in the discovery of new ones, but 
his ability to teach a class is a skill of another order altogether. Some 
teachers, from the start, have a ‘flair’ for teaching, they possess some 
subtle ability to awaken the interest and gain the confidence of their 
pupils: Others have less initial advantages. None are so naturally 
gifted that they cannot benefit from a study of teaching methóds; few 
are so naturally unsuited that they cannot improve their skill by 


thinking about how best to teach. It is the purpose,of this chapter, 


to disciss class-room techniques. 
© 


` THE LECTURE METHOD 


THe lecture method enables the teacher: 
(a) to cover the syllabus quickly; x 
(b) to collect and summarize the results of pupils’ practical work; 
(c) to open up a discussion as to where previous work may be 
leading, and to obtain suggestions for fyrther inquiry; 
(d) to introduce a new topic, collecting together what informatien 
the class already possesses, and outlining the sort of information 
that will be sought; j Í 
(e) to inform the class where relevant background material may 
be found; where certain objects may be seen, certain operations 
watched; in what periodicals appropriate articles or advertisements 
may be found or looked for; in what shops certain pieces of appara- 
tus or advertisement displays may be seen; and so on. 

The lecture method is most effectively used when as many mem- 
bers of the class as possible can be drawn into a discussion, when 
charts bought, or prepared by the teacher are ready to hand, and 
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when he has suitable summaries in his’ teaching notes ready to be 
written on the blackboard. Although the matter for summaries 
„Should, as for as possible, be obtained from the class by question 
“and answer, tHe teacher must not rely on getting a complete sum- 
mary in this way. Points are apt to be overlooked. — 

Limitations of the lecture method — Experimental facts are the basis 
of scientific knowledge. In the lecture method this is apt to be over- 
looked. When a teacher lectures he is playing a larger part in the 
lessón than he should, and the class is apt to be doing far too little. 
In general the less a teacher needs to lecture the better. 


' Examples of the lecture method 
(A) A lesson on ‘Human blood’ 


Revision of earlier work —(a) The part played by the red colouring 
matter of the blood; the way in which oxygen is transported all over 
the body and carhon dioxide is removed. 

(5) Digestion. The blood travels either to the kidneys, the lining 
of the intestines, or to the muscles; or it travels through the lungs. 
Blood carries soluble food from the intestines, first through the liver, 
then to the heart, and finally all round the body, so that cells every- 
where can be nourished and waste products washed away. 

(c) Excretion. The blood constantly circulates, and in the course 

of a few minutes practically every drop of blood will have passed 
thfough the kidneys, liver and lungs. The kidneys extract salts, phos- 
phates and nitrates, the liver makes dangerous nitrogen compounds 
harmless and stores excess of sugar. The lungs provide the escape 
route for carbon dioxide. » 

New matter —(d) What happens when we cut ourselves? We bleed. 
At last a clot forms to close the cut. The function of fibrin. 

. (e) Why do we grow, or stop growing? Glands produce chemicals 
(hormones) that control the body’s growth. How we react to an 
emergency. The part played by adrenalin. 

(f) Why do we recover from some illnesses, and how do we avoid 
others? Some diseases are caused by microbes which get into the 
blood and discharge poisons. The body combats this in two ways: 
the white cells (like amoeba) in the blood wrap themselves around 
microbes and digest them; and certain chemicals, called ‘anti-bodies’ 
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are prepared in the blood fo counter the poisons discharged by the 
microbes. The white cells die in places where there is much infection 
and are discharged as ‘pus’ from suppurating wounds. z 

Summary — Collecting all this together a summary of the main con 
stituents of the blood can now be, drawn up:— 


Human blood 


6 


Clear liquid (a) red cells (b) white cells 
(plasma) (carry oxygen and (digest bacteria) 
carbon dioxide) 


e 


| - 
(c) dissolved (d) waste pro- (e) clotting (f) ‘chemical (g) anti- 


foodstuffs ducts of material messengers’ bodies 
living cells (stops (hormones) 
bleeding) 


e 

This lesson can be used to lead on to:—(i) A study of simple forms 
of life: amoeba, obelia, hydra, or whatever are the most easily avail- 
able specimens of protozoa, etc., in the neighbourhoód of the school. 
(ii) Inoculation against disease and the nature of the injected fluid. 
There are two sorts of fluids. One sort contains ‘anti-bodies’ which 
have been prepared in the blood of some other creature and are 
immediately available to counteract the poisons in thé "patient's 
blood. The other sort, injected into a person when in normal health, 
contains microbes which have been made weak and harmless. The 
body reacts to these as it does to the normal active microbes of the 
same kind, and produces the appropriate anti-bodies. These remain 
in the blood ready to counteract the poisons which would be pro- 
duced were the person exposed to serious infection by active microbes 
of that kind. (iii) Instruction in first-aid. 


e 
(B) Summary of a series of lessons on the conservation and transforma- © 


tion of energy — Any one form of energy can be transformed directly 
into any other form of enérgy. Moreover, a certain definite amount 
of one kind of energy is exactly equal to a certain definite amount of 
eaeh of the other kinds. ; 

Examples of how one form of energy may be converted into 
another are shown in the chart (Figure 7). 
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MECHANICAL 
ENERGY 


pendulum 


water-wheel 


force pump 


KINETIC 
ENERGY 


d 


electric motor 


steam engine 
petrol engine 


electrolysis combustion 


ELECPRICAL 
ENERGY 


CHEMICAL 
ENERGY 


HEAT 
ENERGY 


(discharge ) 


electric heaters ^ 


FIGURE 7.—A chart: the transformation of energy 


Note—Charts of this kind are excellent for providing summaries and as a method of revision. 
They can be expanded and improved as the pupils" experience and knowledge increases. 
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(C) Summary of a lesson on jets and sprays—A. jet is a stream, 
usually of gas or liquid, forced thrcugh à small opening. | 
[Note—The teacher should have, described briefly, with simple | 


diagrams, his selected examples. These should corisist, as far as 
possible, of practical illustrations of the use of jets to be seen or ^ 


examined locally: for instance, a garden hose; a fire-engine hose; 
hoses for washing out ore in a mine; a laboratory wash-bottle; 
water, steam or gas turbines; turbo-jet aero engines.] 

A region of low pressure is formed around a fast-moving jet, so 
that the surrounding fluid (e.g. air or water) tends to flow into this 
region, and to mix with the stream. Thus a liquid can be drawn out 
of a small tube by a jet of air near by, and in the process is broken up , 
into droplets. A spray consists of such tiny drops dispersed in a jet 
of gas. Further examples of this principle are given below: 


Device or Process Jetof: — Substance drawh in: 
M A 5 Uv we E 5 f. 
Bunsen burner, . Coal-gas, | Air E 
Blow-lamp; etc. Paraffin vapour; 
etc. 2 
Scent spray, Air Scent solution, 
Insecticide ‘gun’; etc. Liquid insecticide; ete. 
«6 
Spray ‘gun’ (for painting Air Cellulose paint 
motor-cars; etc.) 
Carburettor (e.g. of an auto- Air Petrol“ 
mobile engine) $ d 
Powder spray Air $i Pyrethrum powder, d 
*D.D.T.' powder, etc. 
Vacuum brakes (of steam Steam Air 
trains) ^ 
" G 
Filter pump Water Air or other gas to be passed 
» $ through, or removed from, 


an apparatus 


This list is merely a typical sample. A teacher should base his own 
list on things familiar to his pupils, extending it whenever the 
opportunity occurs. 
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(D) The pupils notg-book record of a lesson on the structural import- 
ance of triangles —If four rulers are joined by four nails to form a 


quadrilateral,(Figure 8 (a) and (6) ), the structure can be pushed into 
“various shapes» It is not, rigid. 
» 


Eg 
Vid 
B 


> (i) (Jo tk) 
t FIGURE 8.—The sfructural importance of triangles ' 


(a) and (b)—Four rods form a quadrilateral which may be pushed into various 
shay 


(c)—Three rods form a triangle, which is rigid 

(d) to (/) —The girders of a bridge, a gate, a door, a roof truss and a bench are 
all made rigid by the triangular construction 

(i) and (j)—The table is not firm (compare the quadrilateral) 

(K)— The table becomes rigid (note the triangle) 
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But if three rulers are jomed at the ends by three nails to form a 
triangle, the structure can“ have; only one shape. It i$ rigid 
(Figure 8 (c) ). > {i * 

Examples of rigid frameworks built up of triangles are shown in 
Figure 8 (d) to (h). m i 

When a table becomes shaky and must be made rigid, a piece of 
wood is nailed on in such a way that a triangle is constructed, as 
shown in Figure 8 (K). 

[When other examples are seen, they should be added to the list, 
with simple diagrams.] 


THE DEMONSTRATION METHOD 


This method is desirable: 

(a) When the apparatus to be used is costly and unsuitable for 
juniors to handle. ^ 

(b) When the apparatus is very sensitive and may be damaged by 
clumsy handling. 

(c) When several experiments must be done during one lesson, so 
that they may be seen together and the connexion betwegn them 
established. (This connexion might not be seen if the experiments 
were spread over several long-separated lessons, or were distributed 
among various groups of pupils.) cZ 

(d) When a quick revision of some project or principle is desirable. 
(e) When the experiment involves slight danger: for example, in the 
burning of hydrogen to form water, or in the defhonstration of what 
happens when an electric fuse is blown by an ordinary domestic 
current. 6. E 

The following are some of the points to be remembered if the 
demonstration method is to prove effective: 

(a) When a teacher is carrying out an experiment, it is absolutely 
essential that every member of the class is able to see what is hap- € 
pening. This is frequently impossible, when the teacher's bénch is 
level with, or higher than, the students' benches. For this reason itis 
an advantage to have a lecture room in which the pupils sit at 
benches arranged in tiers. Everyone then has a good view of what is 
going on. If no lecture room is available, there are several ways of 
enabling pupils to get a better view. 
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(i) "The students may be permitted to sit on labaratory stools placed 
on top’of their benches. From this height they can more easily see the 
experiments that are being carried out. Window-sill seats may also 
“be used. Such arrangements, however, are only possible where the 
* discipline is good. à i 
(ii) The teacher ‘can carry out the experiment on oné of the front 
students’ benches. He can then instruct the class to stand around the 
bench, none to approach nearer than, say, 10 feet, so that all may 
haveea clear view. The difficulty about this method is that the teacher 
may be some distance away from the blackboard. 
(iii) A large mirror can be erected at an angle above the teacher’s 
, bench. The class may see what is going on by looking at the reflection 
in the mirror. This is a very useful method for enabling pupils to do 
what should otherwise never be permitted—to look into test tubes 
while the contents are being heated. It also enables them to get a good 
view of instruments which are laid flat on the bench, or which have 
horizontal scales, such as magnetometers, ammeters, etc. The diffi- 
culties of the method are that if the mirror is small it must be placed 
fairly closely oVer the apparatus, sometimes making it awkward for 
the teacher to manipulate the apparatus. If the mirror is suspended 
rather higher, it has to be much larger, say 3 feet x 2 feet as a mini- 
mum. To suspend it conveniently is not always easy, though a prac- 
tical teacher should be able to manage it with the aid of strings and 
four pulleys fixed in the ceiling or in the ceiling joists. 

(5) Apparatus used in a demonstration should be as large as.pos- 
sible, and graduations on any instruments should be prominent. (It 
should be possible for all pupils to see the details of the experiment 
clearly.) For example, in floding the density of iron, the teacher can 
hang a 5 Kg. iron weight on a 5 Kg. spring balance and then immerse 
it in a bucket of water. 

(c) Attention must be given to the adequate lighting of the bench; 

? and, where possible, there should be additional illumination for 
specific experiments. For instance, an experiment illustrating con- 
vection in liquids can be made more impressive by the placing of a 
lamp behind the tubes. 

(d) A blackboard extending across almost the whole length ofthe 
wall, behind the teacher’s demonstration bench, is desirable. During 
the lesson the teacher will probably find it convenient to summarize 
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the principles and other matters the demonstration is designed to 
show. This summary can be written on tlie extreme left of the board, 
being added to as the lesson advances. On the centre«of the board 
can be put the more detailed descriptions of the expériment. On the 
right there should still be rooms for writing the measurements 
recorded: weights, temperatures, etc. Notice-board or blackboard 
space on the same wall is desirable for charts, pictures and other 
illustrative material. 

(e) The teacher must have the attention of the class. To that’end 
he may, with advantage, be a bit of a ‘showman’. To time a phrase 
rightly, to inspire a class with a sense of the dramatic, to arouse an 


atmosphere of suspense just before the crucia! point of an experiment, , 


is an art as useful to a teacher of science as it is essential to an actor. 

(f) The experiments demonstrated must be consciously connected 
with things seen and handled by the pupils. 

(g) The demonstrations must fit into the sequence of experiments 
which the pupils carry out themselves. 1 

(A) A teacher should obtain the assistance, in turn, of individual 
members of the class. Such pupils may read scales, describe reac- 
tions to the rest of the class, at suitable moments help the teacher to 
manipulate the apparatus, besides making themselves useful in more 
general ways. at 

(j) When several things are to be used during the lesson, they 
should not be displayed all at once. A wealth of apparatus may impress 
the student, but it can also confuse him. Apparatus, as required, 
should be put and used in a prominent position. Before and after use 
it should be placed well to one side, though not necessarily out of 
sight. ule if f [2 

(k) Probably the teacher has his greatest chance of showing his 
skill when compelled to use inadequate, or even faulty, apparatus. 
(Itis the incompetents, lacking resource, who make most complaints 


about the available tools.) Of course skill is employed to the greatest : 


advantage in the use of first-class apparatus, but even the best 
apparatus does not ensure that experiments will always go through 
as planned. Failure is inexcusable if it means that the teacher has not 
tried the experiment out himself before demonstrating it to a class. 
But, sometimes, for one reason or another, things happen which are 
beyond the control of the teacher. To be able to deal with experiments 
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which. have ‘gone, wrong’, 74 be able to draw useful conclusions 
from è experiments which have failed ih their original purpose, is the 
mark of a gaod teacher. 
(1) As in thecase of other teaching n methods, time and seasons for 
" practical work should be considered. The time to study locusts— 
whether or not the word ‘locust’ occurs in the syllabus—is when a 
swarm appears, for the life history, movements and control of these 
insects are of immense importance. In places where there are distinct 
seasonal changes it is particularly desirable to keep the biological 
sections of the syllabus flexible, so that plants and animals may be 
studied at the most appropriate times. Climatic conditions affect 
, Other kinds of experiment. For example, static electricity is not a 
suitable topic for the rainy season; it is inadvisable to choose the 
hottest season for the use of ice in the laboratory; deliquescence is 
best shown in wet weather and efflorescence in dry; and it is easier 
to use yellow phosphorus on a cool day. Teachers are recomménded 
to keep a calendar to remind them of these and similar cases. 


Examples of the demonstration method £ 


(A) A Pesson on ‘Electro-magnetism — The purpose of the lesson is 
to give a brief survey of the various ways in which electromagnetism 
manifests itself. The facts to be demonstrated may be summarized 
as follows :— 


(1) Using coil and magnet: 

(i) With the coil fixed, a current is passed through the coil.—The 
magnet (e.g. a magnetic compass), suspended freely inside the coil, 
moves. " ° 

(ii) With the coil fixed, the magnet is moved.—A current is pro- 
duced in the coil. 

. (iii) With the magnet fixed, a current is passed through the coil, 
which, is freely suspended.—The coil moves. 

(iv) With the magnet fixed? the coil is, moved.—A current is pro- 
duced in the coil. 


(2) Using two coils close together: o 


(v) When a current is suddenly passed through one coil, without 
an iron core, a current flows in the other coil. 
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(vi) With an iron gore common to both coils, a current suddenly 
passed through one coil produces ix the other coil a larger current 
than was produced in experiment (y). (The coils should each have 
about 500 turns of wire, and the galvanometer used for detecting the 
current should preferably have a centre zero.) 

The six experiments are carried out, one by one, and a diagram, 
with a brief reminder of what happens, is written on the centre of 
the blackboard for the class to copy. There is rarely need to write 


a 
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(à) (b) (C) (d) (e) 
FIGURE 9.— Coil and compass needle o © 
(a) Coil (b) Compass needle 


(c) The compass needle is suspended inside the coil 
(d) A current is passed through the coil 
(e) The direction of the current is reversed 


<c 
€ 


much on the blackboard because the éxperiments are described in 


most General Science text-books. 
* The diagram (Figure 9) illustrates the first experiment, and may be 
put on the blackboard for the class to copy. After the experiment, 


the first part of the summary, (1.i) above, is written on the left side * 


of the blackboard. The centre of the blackboard is then cleaned, 
and experiment (ii) is carried out. Again diagrams and brief account 
are put in the centre of the blackboard, while on the left-hand side 
is added the summary, as in (1.ii) above. 

The centre of the blackboard is cleaned once more and experi- 
ment (iii) is performed. The experiment is very important because it 


| 
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illustrates the working of all electric motors. This point should be 
mentioned, and a diagram’ of a!motor drawn on the right-hand side 


TU CU C the board but the sequence of experiments should not be delayed, 


at this stage, by a detailed discussion, (The experiments (i) to (vi) 
" should be dealt with as quickly as is reasonably possible, and details 
about electric motors saved for a separate lesson. It may be noted, 
however, that the maximum twist that can be given to a coil is 180°. 
To twist it still more the current must be reversed.) Proceeding as 
before, the summary (l.iii) is put on the left-hand side of the 
blackboard. 
The centre of the board is cleaned again and experiment (iv) is 
.carried out. Dynamos, like motors, such very important machines 


reversing switch 


1 
] 
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battery 
FIGURE 10.—A model electric ‘telegraph’ (and see Figure 9) 


in this present age, may be mentioned, details being left for a sub- 
sequent lesson. e summary (l.iv) is added to the left side of the 
blackboard. 

The procedure for experiments (v) and (vi) is similar, transformers 
being mentioned, but the detailed discussion of them and their uses 
being left for a subsequent lesson. Once the six experiments have 
been done, and the diagrams and short notes entered in the students’ 

* note-books, the whole series may be repeated when there is enough 
time to deal with the practical applications of the phenomena. ' 

Experiment (i) leads on to a discussion of the electric telegraph, 
and apparatus can be adapted to provide a model (see Figures 9 and 
10). The magnetic compass may be placed flat on the bench, with a 
mirror at an angle of 45° over it, or a compass needle may be sus- 
pended vertically to swing in an east-west plane. The two ends of the 
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coil may be attached, by long wires to a battery and reversing key 
at the back of the room, wherethe key may be operated by one’of the 
pupils. If its movement is not easily visible from a gistancé, the 
magnetic needle may be attached to the centre of a clearly marked 
circle of paper. Experiment (ili) leads to an account of the construc- 
tion of galvanometers, ammeters, voltmeters, and D.C. (direct cur- 
rent) and A.C. (alternating current) motors, including ‘self-starter’ 
motors of cars. A discarded electric motor from an old car may be 
brought to the class and taken to pieces to show its construction. It 
may be possible to make a model motor. A keen teacher will take 
the opportunity of helping his pupils to make many models of such 
machines and instruments during out-of-school hours. 


A model electric D.C. motor can be made by using a steel knitting 


needle, an ordinary cork, two small solid rubber corks, some fine 
D.C.C.! copper wire of about 36 S.W.G.,? some bare copper wire of 
thicker gauge, and a wide-ended horseshoe magnet. If this last is 
not available, four magnets can be tied together to a wooden block 
as shown in Figure 11. Support for the apparatus can be given by 
using feur three-inch pins, or needles, stuck into the‘wooden base- 
board. About 6 to 8 volts are required to drive the motor. (To start 
it the axle may have to be spun with the fingers.) 4 

Experiment (iv) leads to an account of electric dynamos, including 
the dynamos of a car and a bicycle lighting set. More impottant still, 
it is a suitable occasion for considering the way in which the natural 
power resources of a country—e.g. coal, oil, rivers and mountain 
streams, tides and wind—can be utilized. During these lessons there 
should be plenty of opportunity for displaying pictures, charts, dia- 
grams, and for examining discarded dyriamos from old cars. It may 
be possible, as described later in this chapter, to organize a project 
round a power development scheme, or to arrange a visit to a local 
electric generating station. à 

Experiments (v) and (vi) can lead to a discussion on transformers, 
their use in permitting electricity to beconducted economically over 
long distances, and the reason why electric generating stations usually 
provide alternating rather than direct current. Discarded. trans- 
formers, once used in reducing the voltage of the current supplied 
to electric refrigerators, can perhaps be found and examined. A 
? Standard wire gauge. 


1 


1 Double cotton covered. 
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manufacturer's large-scale chart of a car, with pinned-on paper 
arrows, can be used to indicate the positions usually occupied by the 
startér motor (experiment iii), dynamo (iv) and coil (vi). 


(a) 


3 field magnet here TAN 


FIGURE 11.—A simple model of an electric motor 
as aae a shoikd um a ace ys not a perspective sketch. They should also use ‘labels’ for 
(a) Field magnet— horseshoe" 


(b) Field magnet built up from four bar magnets y 
(c) Armature, etc. x 2 


vire Re knitting needle. C— Cori. D, ror EODEM, wire, i syo. 18. ea, ints 
oC wire. RE Reba ubber corks. W Joo turas bble-cotton-covered copper 

und in slot in cork. X—Contacts for Vm iw a 
(d) Base 


Lege pins to act as bearings. T— Terminals. Y —'Brushes' (bare copper wire, S. W.G. 
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(B) Pypil’s notes of adesson on Mare e 
White light analysed: s t3" 

(a) Newton's expt. (See text-took) — 

(b) Rainbow (Colours V,1.B,G. Y .O.R.) (See text-book) 
White light synthesized: ? : 

(a) Newton's expt. with 2 prisms (See text-book) 

(b) Newton's disc (See text-book) 


(c) Combined light of 3 primaries 
Experiments with coloured gelatine transparencies! : 

The primary colours:—red, green, blue. 

The complementary colours:—yellow (= red + green) 
magenta (= red + blue) 
peacock (— green 4- blue) 

(Note: magenta is also called purple 
peacock is also called blue-green) : 
Adding colours in various proportions. (See text-book) 


Subtracting colours:— 
(a) Ptace a magenta and a peacock transparency one upon the other 
and look through them both at white light. The colour seen is blue. 


Explanation: WHITE LIGHT 
consists of 
| Y 
RED GREEN BLUE 


| S os 
Y 

A MAGENTA transparency ‘ 
absorbs GREEN 


passes RED 


absorbs RED 


BLUE 


1 Or coloured electric lamps. 
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[Each pupil now produces da similar to the above showing. how to 
use yellow and magenta iransparencies to allow only red to pass 
through, and how to use yellow and peacock transparencies to allow 
only green to?pass through.] — ,, 
Colour photography (Films and transparencies only) — The film con- 
tains many minute grains of material, some sensitive to réd light, 
some to green, and others to blue. The film is exposed, and then 
developed in a chemical which colours the red-sensitive particles a 
mixture of yellow and magenta, colours the green-sensitive particles 
a mixture of yellow and peacock, and colours the blue-sensitive 
particles a mixture of magenta and peacock. When the negative is 
held up to a white light, the parts of the film that were exposed to 
blue light appear blue, and so on. 

(b) Coloured crayons and paints absorb,ail colours except those 
which are seen. 

(i) When magenta light alone falls upon a piece of red paper, the 
paper continues to appear red. 


Explanation: t 


” MAGENTA 
— consists of 


RED surface 
reflects RED — (absorbs GREEN) absorbs BLUE 


+ 9 > | Absorbed | 


(ii) When blue light alone falls upon a piece of red paper the 
paper appears black. 


BLUE light 


RED surface 
(reflects RED) (absorbs GREEN) absorbs BLUE 
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[The potes can be made more vivid if each pupil colours the dia- 
grams lightly with crayons. The transpdrencies and the coloured 
lights, up to the places where they are absorbed, vu be shown in 
appropriate colours.] ic E 

(iii) Whys mixing blue and yellow saint makes green. 

Pigments and dyes are not pure spectral colours. Blue paint 
reflects blue and some green, but absorbs all the rest. The eye only 
notices the prominent blue. Yellow paint reflects yellow and some 
green, but absorbs all the rest. The eye only notices the yellow. 


The mixture: 
BLUE paint absorbs YELLOW | reflects GREEN | reflects BLUE 
YELLOW paint | reflects YELLOW | reflects GREEN | absorbs BLUE 


The blue pigment cuts out the yellow. The yellow pigment cuts out 
the blue. Only the. green remains and is seen. Š 


THE LABORATORY METHOD © 


o 
Quite apart from the logical necessity of experimental work in a 
science course, it is a fact that an object handled impresses itself 
more firmly on the mind than an object merely seen at a distance or 
in an illustration. Most children like doing things with théir hands. 
Practical work provides an activity which can be profitable and 
emotionally satisfying. Organized practical work takes this aspect 
of the child's needs into account. But some observations about 
practical work in science classes must be emphasized here. * 

(i) The work needs to be worth doing. SThe mechanical repetition 
of some experiment described in a book may be hardly worth the 
time involved. It can be made of more value, perhaps, by some modi- 
fications. If the text-book describes the germination of a bean, 
then a student may do the experiment using a bean of another 
‘species, or a pea, a nasturtium, a sweeteorn or maize, or a seed of a 
member of the widely distributed cucumber family. If various groups 
of püpils set up similar apparatus and use a different seed, then, at 
the énd of the lesson, the experiments may be brought together, in a 
convenient place, for continued observation. Thus every pupil has an 
opportunity. of seeing several seeds instead of one. If the families 
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represented: include, as in the exatiple given, hoth mono-cotyledons 
and Uicotyisdons, an oppórtugity is given to a class to *have another 
look’, to make a last critical eyamination before the experiment is 
abandoned. This ‘last dook’ is a yaluabJe habit to encourage. In the 
instance here given a class may find out, for itself, that fundamental 
differences between plants may be revealed by an examination of 
the seed-leaves. 

(ii) The experiment must be such that what is to be demonstrated, 
or *proved, is quite clear from the beginning. Further, the difficulty 
of performing the experiment must not be so great as to distract 
attention from its purpose. 

(iii) The object of the experiment must be exactly*described. Some 
of the results of experiments conducted in a school laboratory may 
be already known to the pupils. Accounts of them are probably 
given in the text-books which they use. Experiments to be done with 
hydrogen, ,or on plant respiration, for example, should not neces- 
sarily be described: ‘To discover that water is formed when hydrogen 
burns’, and ‘To find out if plants breathe’. Better descriptions are: 
‘To show that water is formed when hydrogen burns’, and ‘To 
demorstrate that plants "breathe", or ‘To confirm that plants 
absorb oxygen in sunlight’. Use of the word ‘discover’, when the 
results ar are already known, makes practical work appear unreal, an 
effect which must be avoided at all costs. 

(iv) The opportunity should be taken of making detailed and 
critical examination of the accounts written by pupils, and of the 
methods used to set out the results obtained. 

(v) When any form of measuring instrument is required for the 
first tinte in an experiment, the teacher should give careful and 
detailed instructions for its use. Reasons for the necessary care and 
accuracy should always be given, and the class reminded of them 
from time to time. The pupils’ manipulation and reading of instru- 
ments should be checked whenever possible. 

(vi) The opportunity shou:d also be taken of discussing the degree 
of accuracy to be expected. If, for instance, the density of a solid 
object is to be found, two measurements are required, the volume 
and the weight. Supposing the volume is measured and found to be 
25 c.c., but might possibly be 24-5 or 25:5 c.c., there is a possible 
error of up to 1 c.c. in the volume noted, that is an error of | in 25, 
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or 4 per cent. If tbe weight is is found to be 50,05 grams, and “the 
weighing is so accurate that an error of*no more than 0:05 gfams is 
likely, the weighing error is 0-05 in, 50, that is one-tenth of one per 
cent. Errors due to measuring the volume are far greater than those 
due to weighing. In fact, it is a waste of time to carry out the weigh- ^ 
ing process fo such a degree of accuracy when the volume measure- 
ment involves an error which may be so much larger. The final value 
for the density can never be stated to*have an error of less than 4 
per cent., no matter how accurately the weight .of the object«may 
be determined. This indicates why, in elementary experiments in 
physics, the use of an accurate chemical balance is usually out of 
place. Spring *balances give a result which is sufficiently accurate. 
and more quickly obtained. In experiments on the determination of 
specific heat, the limiting factor is usually the accuracy of the thermo- 
meters used. In experiments on sound, a string, which, when plucked, 
gives a note in unison, or in harmony with another note, can rarely 
be measured with great accuracy. Calculations based on pupils' 
experimental results often imply, quite falsely, an accuracy which 
can only be obtained, in fact, by the use of far more sensitive appa- 
ratus than that likely to be used during a General Science course. 
The laboratory method has its own particular uses. They are: 
(a) To confirm something stated and described in a text-book. 
(5) To examine various examples, especially local ones, Tn addition 
to those described in the text-book. 
(c) To provide exercise in reading scales and making diagrams 
(including drawings of living material, and to make students 
acquainted with the various skills they need to master. — * 
(d) To accustom the pupils to using thé'various simple hand tools of 
the scientist: seekers (blunt probes), scalpels, spatulas, pestles and 
mortars, blowpipes, tongs, tweezers and forceps, cork borers, glass- 
cutting instruments, etc. 
(e) To provide opportunities for the exercise of ingenuity. 
(/) To accustom the pupil to the scientific tradition of working 
in co-operation with others. 
(g) To arouse a sense of curiosity and a desire to-take active steps to 
satisfy it. 
(h) To encourage a reliance on facts as distinct from opinions, and 
to develop a willingness to allow theories to be tested by experience. 
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The exercise of ingenuity — Primitive man would not have suryived 
had he not possessed moré ingenuity and powers of improvisation 


, than the wildlife around him. This power of improvisation is among 


man's most precious gifts. It can be improved by exercise. In many 

' countries the leaders are anxious to develop minor industries in order 
to establish a more balanced economy, and thus render them less 
dependent on imports from overseas. Success will depend upon 
ability to improvise many of the essentials for these industries, if the 
products are to be adapted to local conditions, and not merely blind 
copies of what was previously imported. Yet craftsmen cannot be 
expected suddenly to develop the necessary ingenuity. These abilities, 
,for the exercise and development of which laboratory experiments 
provide an opportunity, are usually gained only by long experience 
and the use of imagination. 

This being the case it is sometimes good Nor to hand out to a 
pupil aH the materials he may subsequently need for an experi- 
ment. A scientist first considers what has to be done, then he con- 
siders what apparatus will enable him to carry it out, and, if the 
equipment at his disposal seems unsuited or inadequate, he must try 
to improvise what he wants from the materials at hand. 

Supposing, for example, that a student has to suspend a pendulum 
bob with a piece of string. The point from which the pendulum swings 
must be definite and rigid, and there are bad, good and better 
methods of suspension. If a pupil ties up a pendulum according 
to his own ideas, it is unlikely that he will choose the best way. 
The teacher can then profitably discuss the method adopted, and 
lead the’student to see how, with a little ingenuity, an improved 
method of suspension canbe arranged (see Figure 12). 


The organization of pupils’ experiments—Several methods are 
possible. 3 

(1) Each pupil in the class may perform, at the same,time, an 
identical experiment. He will gain practical skill, confirm facts, stimu- 
late powers of observation, and refresh memory. Or, the class may be 
set a simple problem and, to solve it, may be told to work individually 
or in small groups (of not more than four pupils). 7 

This method of class organization is suitable when the experiments 
require only simple apparatus of which there is a good supply. It is 
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also appropriate whgn there is some slight risk of an accident, as a 


^ 


teacher can more easily supervise the attivities of a class wh 
pupils are doing the same thing. 


i « 
(2) Another method is to arrange a number of different experi- 


ments, allshaving some common purpose. The pupil, by himself, or " 
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microscope — 
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FIGURE 12,—The suspension of a simple pendulum 

(a) BAD. The effective length of the thread altérs during the swing o 
(b) BETTER. But the loop tends to move 

v ey, BETTER. But the point of suspension is not yet stable 


a 


(dPand (e) Best. The thread is firmly held between two microscope slides in 
a clamp : 


working with not more than one or tw others, does each experiment 
in turn. Having completed one experiment, he goes on to the next, 
Which has just been carried out by some other pupil or group. This 
arrángement of work is economical of apparatus. Moreover, pupils 
are less likely to spend too much time comparing results with each 
other, and should develop more reliance on individual skill. 
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O, A third Sram eiit may be adopted when a considerable 
amount of practical work;'more than any one student has time for, 
must be done in order to obtain, the required information. Not every 
member of theclass will do all the experiments. The work is split up, 
and each part is done by a different student or group. To the increase 
of skill and the benefits gained from practical work will now be added 
the opportunity of engaging in a corporate exercise. With it should 
come a sense of responsibility, since the whole class will rely, for each 
pieee of information, upon one individual or group. 

The decision as to whether a problem should be worked at indi- 
vidually or collectively depends on the nature of the problem itself, 


, the time available, the size of the laboratory and the equipment avail- 


able, the quality of the pupils, and the teacher's skill and control of 
the class. It is for the teacher to decide. 


Examples of the laboratory method 

(A) To find the density of a solid object of irregular shape 

First method (1) — Each pupil, or pair of pupils, is given a solid such 
as a pisce of glass, iron, or copper, and instructed to find its density 
by suspending it from a spring balance, weighing it first in air, then 
while it hangs immersed in water. 

Second method (2) — The pupils work singly, or grouped in pairs, as 
before. But a number of different objects are given out, e.g. a piece 
ofiron, a brass weight, a glass stopper, a lump of solder. The same 
method for finding the density, as in (1) above, is applied to each 
object in turn, so that, simultaneously, the densities of different 
objects are being found by*members of the class. Once the method 
of carrying out the experiment is understood, the determination of 
the density of the second, third, fourth, etc., object is carried out with 
increasing rapidity. (As the method does not vary, pupils need write 


' out a full description of only one experiment.) The values found are 


collected by the teacher at th» end of the lesson, and recorded on the 
blackboard. Against each value the name or initials of the person or 
group responsible should be added. Should any results be far dif- 
ferent from the average, the inaccuracies stand out at once, Those 
responsible may be directed to examine their calculations again. If 
necessary they may be required to repeat the experiment. This also 
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provides the teacher with ano portunity to point put to his class that 
the values for density given ina table such as that in Appendix JI (1), 
page 351, are average values obtained from average samples. "Every 


sample may not give the same value. Wide,variations from average " 


values also give the teacher an opportunity to discuss the possibility * 
of experimental errors and the need to reduce these to a minimum. 
(Itis a matter of surprise to most pupils that years may elapse between 
the discovery of a substance and the extraction of a sample sufficiently 
pure for its density to be determined.) ^ 

Both methods (1) and (2) assume that the school laboratory is 
equipped with many spring balances of a suitable range, and are con- 
cerned with only one method of finding density. A much more com- , 
prehensive series of experiments, more economical of apparatus, may 
be organized as follows:— 

To find the density of: 

(1) An object of regular shape, heavier than water. — « 

(2) An object of irregular shape, heavier than. water. 

(3) An object of regular shape, lighter than water. 

(4) An object of irregular shape, lighter than water. 

(5) A liquid. ^ 

Methods to be used: 

(a) Measurement with a ruler, calculation of volume, weighing. 

(5) Weighing in air and in water. oni 

(c) Measurement of displacement when floating on, and when fully 
immersed in, water. s 

(d) Weighing a solid in air, in water, and then in the liquid. 

(e) Using a density bottle. ure 4 
The objects and methods listed may be*combined in various experi- 
ments: 

1(Q; 1(5); 205); X(a); 3(c); 4c); 5(d); 5(e). By repeating the different 
types two or more times, sufficient experiments can be provided for 
any number of pupils, whether working singly or in pairs. — 

Assuming the provision of an expesiment at each of ten working 
places, and numbering the experiments in sequence from ONE to TEN, 
the experiments could be selected in this order: 


Experiment ONE—(1.a)—Find the density of a small rectangular bar 
magnet 


^ 
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Experiment TWO—(. b)—Find the density of a glass stopper 
»  THREE—(3.c)—Find the density of a wooden cube 
Rt FOUR—(5.d)—Find the density of kerosene 
$ FIVE—(5.e)«—Find the density of methylated spirits 1 
stx—(3.a)—Find the density of a rectangulgr piece of 
^ cork 
SEVEN—(1.b)—Find the density of a metal sphere (lead 
pendulum bob) 
*,,  EIGHT—(4.c)—Find the density of an ordinary bottle cork 
» NINE—(5.d)—Find the density of turpentine 
x TEN—(5.e)—Find the density of glycerine + 


” 


» 


The materials required for the experiments are placed in the appro- 
priate working places. The pupils are sent to their allotted places 
and start their experiments. When all have finished each moves on to 
the experiment next higher in number. Those who were doing experi- 
ment TÉN proceed to the working place where experiment ONE is pro- 
vided. If each pupil does five experiments in sequence, he will have 
carried out the five methods of finding density, and the class as a 
whole will have found the density of ten different objects. 

It may be noted here, before outlining the arrangement of such a 
series of experiments, that there are other series which can be treated 
similary. Examples are:—experiments on methods of finding boiling 
point or melting point; simple titrations, including estimation of the 
hardness of water; neutralizing an alkali by an acid; examining and 
drawing the flowers belonging to several different species of plants, 
or the feet, or beaks, of birds of different families; comparing the 
bones of the feet of some cymmon animals; and so on. 

"When members of a class are doing different experiments, or look- 
ing for different features in biological specimens, some sort of guid- 
ance must be provided with the apparatus at each working place“Öne 
method is as follows. A card, about 6 inches x 4 inches (e.g. a card- 
index'file card), is placed beside each experiment, The card’ gives this 
information: 


(i) the number of the experiment in the sequence; 
(ii) the name or purpose of the experiment; 


^ 


* A density bottle which has contained methylated spirits or glycerine can easily 
be washed clean with water only. 
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(iii) a brief description of What is to be done; . 

(iv) a note of what precautions are to bt taken; 

(v) instructions as to how the resylts are to be tabulated, of on 
what has to be observed apd drawn; L] 

(vi) any question which will help. the student to arrive at some 
reasonable conclusion. 


Figure 13 shows two sample instruction cards, and others will be 
found in Appendix D.I, page 298. The amount to be written on each 
card will vary considerably, and will depend on the nature of the 
experiment, the intelligence of the class, and the stage at which the 
latter happens to be in its studies. Too much information may en- 
courage laziness and lead to confusion; too little may cause bewilder- 
ment, and the teacher’s time will be too fully occupied in answering 
individual questions. Between ‘too much’ and ‘too little’ there is some 
reasonable compromise. "ME 

It must not be supposed that this method of setting out experi- 
ments can be applied to all practical work, nor that the amount of 
detail given, and the guidance provided to help the pupil in tabulating 
his results, are always necessary or desirable. As a general rue, the 
minimum instructions, appropriate to the level of intelligence and skill 
of the class, should be given. For instance, in the case of experiment 
ONE above, the reactions of pupils will vary. Some will hélp them- 
selves to a retort stand and clamp, suspend the spring balance from 
it, and carry on with the experiment. Others will try to hold the spring 
balance in the hand, and a wobbling index will make it difficult to 
read the scale. This is where the teacher needs to be on the spot. 
Some, whose ingenuity marks them as prómising pupils, will suspend 
the balance from the projecting end of a pencil held flat on a nearby 
shel& Others will dumbly look at the balance and wait for someone 
to suggest some means of suspending it. 

Among pupils of such varying intelligence and aptitude the teacher 
can do his most valuable work, suggesting and advising, encouraging 
them especially to match their minds to the problem before them, 
and emphasizing constantly the need for accuracy, tidiness, applica- 
tion* and ingenuity. The teacher will find that the more nearly his 
practical classes come to being a veritable hive of intelligently 
directed activity, the less frequently will problems of discipline occur. 


« 


3 9 
» EXPT. |. To find the density of 2 rectangular bar magnet 


Apparatus: Bar magnet, spring balance, ruler, thread. 


» 
Method: Find @imensions using a ruler. 

Calculata volume. 

Find weight using the spring balance: 

Calculate density. : E 


In note-book write number and title of expt. 
Leave ten blank lines and then record measurements and calculations thus: 


(a) 


Length of bar 
Width , » 
Thickness ,, ,, 
VOLUME of BAR 


yg wg 


WEIGHT of BAR 


^. Density of bar = 


In space left blank write an exact description, in order, of how the experi- 
ment was carried out. 
* 


EXPT. 2. To find the density of a glass bottle stopper 
Apparatus: Glass stopper, spring balance, beaker of water, thread. 


Method Suspend from spring balance. 
Note weight in air. 
Find weight when suspended in water. 
Calculate upward thrust. 
. Calculate volume. 
Calculate derisity. 


In note-book write number and title of expt. 


Leave ten, blank lines and then rpcord measurements and calculations thus: 
a 


WEIGHT in air 
Weight in water 


4. Upward thrust 
... VOLUME 


-. Density r , 


In space left blank write an exact description, in order, of how the experi- 
ment was carried out. 


FIGURE 13.—Two examples of instruction cards—for experiments on density 
(see Appendix D, page 298, for further specimens) 
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Tq the question ‘What shall we do with the apparatus when “we 
have finished the experiment?’ the mpst Usual answer will be: ‘Leave 
it exactly where and how you found it.’ If apparatug is to be put 
away, it is best to have the materials collected on the*bench near the 
appropriaée drawer or cupboard. The teacher is then able to check s 
the materials quickly and see that everything is as it should be before 
it is put out of sight. Whatever happens, the laboratory should never 
be left untidy by any class. 


(B) To examine the action of saliva on starch — This is an example of 
the third method (page 100) of distributing experimental work among 
the members of a class. 

The following suggestions show how different problems may be y 
set to each group in a class, the information obtained being brought 
together and summarized in a lesson of the lecture type. 

The teacher must keep clearly in his mind from the start the facts 
which he wishes the class to learn. The summary, which is for the 
class the climax of the series of experiments, is, tor the teacher, the 
starting-off point in his preparation. 

The main facts about starch digestion may be summarized thus: 


i. Starch is changed by saliva. 
ii. Starch is not changed by boiled saliva. ce 
iii. Saliva acts best in slightly alkaline solution. 
iv. Saliva acts most effectively at about body temperature (98° E 
= 37° C.). D 


To demonstrate these four matters suitable experimentse must be 
devised. As there may not be time for*each pupil to carry out the 
whole series of experiments, the work has to be shared among the 
lags. The teacher, having thought out his scheme for practical work, 
may prepare instruction cards. 


(a) The starch may be obtained as wheat, or potato, starch, or jt may 
be obtained from logal grains of roots. Starch solution for the 
experiments is made according to the method given in Chap- 
ter XI, page 268. The solution is divided among a number of 
test-tubes, which can be labelled Ay, Az, As, etc. 

(5) Saliva may be obtained by going through the motions of chew- 
ing, or by chewing a clean piece of rubber for a minute. If the 
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,mouth is then rinsed out with some warm water, its contents 
"can be emptied into å begker. The solution of saliva is divided 
' among a number of test-[ubes, which can be labelled B,, By, 
By, etc. * » 

° (e) The distinguishing test for the presence of starch isthe addi- 
tion of a drop of very dilute iodine solution (see Chapter XI, 
page 267). 


Questions: 1. Is starch changed by the action of saliva? 
Y 2. Is starch changed by the action of boiled saliva? 
3. Does saliva act best in acid or alkaline solution? 
4. At what temperature is starch most readily affected by 
$ saliva? 


Details of the series of experiments devised for finding the answers 
to these questions are given in the typical instruction cards in 
Appendix D.I (3), pages 298-303. 

The procedure emphasizes two important points: 

(i) The method of altering only one condition at a time, e.g. in the first 
experiment, the only variable is the time. s 

(ii) Thesuse of a control experiment—e.g. in the same example the 
starch does not change merely because of lapse of time. 


Once tlie method of organizing a series of experiments is grasped 
by a teacher, and subsequently by a class, it is possible to arrange 
almost identical series of experiments designed to answer many 
problems such as the following: 

(i) What'is the effect of diastase on starch, and under what conditions 
is the action most effective?” 
(ii) What is the effect of liquor pepticus on proteins, and under what 
conditions is it most effective? (It is convenient to use egg albumen 
and liquor pepticus.) : 

? (iii) What is the action of rennet on milk, and under what circum- 
stances does it take place? «* 
How many of these sets of experiments should be carried out by 
the class, and how many demonstrated, must be decided by the 
teacher himself, taking into account the time available, and the 
possibility of the class becoming bored if the inquiries are unduly 
prolonged. 


LJ 


á ? 
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(C) The two experiments which follow show how agroup method can 
be applied to a single problem. It is spmefímes possible, while a class 
is working at set problems, to orggnize an experiment which will 
occupy each pupil in turn for one or two minutes only, thus not 
unduly disturbing his main lesson task. A saving in time and materials 
results. 

(a) To demonstrate how an amoeba moves — An amoeba is focussed 
under a microscope, by the side of which is a pile of 6-inch x 4-inch 
blank papers, numbered in sequence. One pupil can be deputed to 
look after the experiment, to call his fellow pupils one by one, and 
to see that the sketches are made on the numbered sheets in order. 


^ 


Pupils go one at a time to look through the microscope and make , 


a sketch of the amoeba. Each pupil makes his sketch on the sheet 
next in order. Towards the end of the lesson the teacher makes a 
series of drawings, all about the same size, on the blackboard, repro- 
ducing in turn the sketches which the pupils themselves have made. 
The movement of the pseudopods will then become obvious, and 
each pupil will have made some contribution to the demonstration. 
(b) Toemake a cooling curve for naphthalene — The usual apparatus 
for demonstrating the melting and solidifying point for naphthalene 
is set up. A large piece of square-ruled paper is placed by the side of 
the apparatus, which is put in the charge of one pupil. At the be- 
ginning of the lesson the apparatus is warmed so that the naphthalene 
is a few degrees above the melting point: it is then allowed to begin 
cooling. Each pupil is called upon in turn to leave his other werk 
for a minute or two in order to examine the apparatus, and plot the 
time and temperature upon the approximately scaled paper. At the 
end of the lesson, by the co-operation ofthe class, a bold, large-scale 
cooling curve has been drawn, from which the melting point of 


nagpthalene can be clearly seen. 


* THE ‘UNIT’ OR ‘PROJECT’ METHOD . 

The reasons which lie behind the ‘unit’ or ‘project’ method of 
approach have already been mentioned in Chapter IV. The method 
has*various advantages. (a) It will tend, provided the theme has been 


wisely chosen, to focus attention on matters of interest to the pupil, 


of use to the community and of scientific importance. The interest is 


> 
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spontaneous, not,due to deliberate effort on the part of the teacher. 
(b) 1asks are provided, within the framework ot the same scheme, for 
pupils of different tastes and aptitudes. (c) Scientists, in common with 
other people, have a tendency to view their problems from the stand- 
point of their own interests. A project helps to widen the mental 
horizon of the pupil. He begins to see that many other matters, be- 
sides those of purely scientific interest, are involved when scientific 
knowledge is used to benefit a community. Local habits and preju- 
dices have to be overcome: individuals, families, tribes and communi- 
ties may even have to give up their long-established claims to land 
and natural resources. If these personal and community affairs are 
ignored, if attempts are made to ride rough-shod over local habits 
and prejudices, the most costly schemes, inaugurated with the best 
intentions, may fail in their purpose. Members of a community must 
be persuaded to co-operate in the application of new and improved 
methods. Their mental horizons must be widened, so that they may 
be prepared to agree to the sacrifices and adjustments that large-scale 
schemes usually involve. The school is the natural place in which to 
begin to enlighten the community as to what is involved in the appli- 
cation,of scientific methods. The science teacher whose vision of his 
task is so restricted that he is content to ignore these wider issues is 
failing in his duty, not only as a teacher but as a responsible member 
of the ‘community. 

Planning and carrying out ‘units’ and ‘projects’ involves much 
more work on the part of the teacher than the customary routine of 
uninspired science lessons. Natural lassitude and indolence can soon 
overcome original enthusiasm. The teacher should be alert and well 
informed. He should be vonstantly accumulating a collection of 
teaching material in the form of papers, illustrations, articles, reports, 
and exhibits. He must be able to direct his pupils to the informafion 
they seek. He must co-operate with the other teachers in the school, 
so that all the work of the class may be co-ordinated and correlated. 
And when a unit of work has been completed, he should be capable 
of displaying the material adequately for inspection by other classes 
or by the public: so that with some explanation the lessons to be drawn 
from the task may be understood even by those who are illitezate. 

Some diffident teachers, aware of their ignorance (a very healthy 
state of mind) of the by-ways of knowledge into which the method 
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is apt to lead, fear to stray ofitsid* the well-defined, subject-matter of 
the accustomed text-books. They must be encouraged in two Ways. 
School authorities should understand that suitable illustrated scfence 
magazines, teachers’ journals, visual aids and the like, are as much 
a part of clgss apparatus as blickbSard and chalk. Then the teachers 
themselves nedd reminding that their function is to feach, and that 
the lessons of one who has himself ceased to learn are likely to be dull 
and ineffective. Teachers are not required, except by the ignorant, to 
be walking encyclopaedias. A teacher's ability soon comes to besre- 
spected by his class, and his ‘prestige’ to be enhanced, when he admits 
that he does not know all the answers, but proves that he is expert 
at finding them out. 

The whole of a syllabus, especially for the more advanced classes, 
cannot well be included in a collection of projects or units. Class time 
is usually not sufficient, and there must be a certain amount of formal 
instruction to fill the gaps. The pupil should be familiar with some 
scientific data not readily included in such schemes, and yet essential 
in any course which aims at providing a rational system of knowledge. 


e 
Examples of the ‘project’ method ~ 
(A) A HYDRO-ELECTRIC SCHEME 


. To tern « 
The teacher's guide | Pupils’ activities® 


Lessons on electro-magnetic induction 
EE pases d . . Visit to electric generating station 

Making à chart of local supply Gf any) 

| Drawing map to show situation of 

induetrial plants (if any) with main 

cables’: areas inadequately supplied 


Making model electric motor 


Advantages of electricity: 


ight easily switched on or off, not | 
th out by the wind like oil-lamps | 


and candles; | * 


Clean, nogmoke or fumes; safe, no | T 


naked flames; ° : 
Numerous uses—refrigerators * List of uses to be developed during 
lathes discussion in class 
drills 
3 Saws | 
printing machinery, | 
etc. p. j^ h, 


J 
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The teacher's guide 


Sources of power 


| Pupil activities 


V — +5 


What drives the dynamos? ; 


Power from engines driven by petrol 
or oil 


Power from steam engines—using coal, 
coke, peat, etc. 


Are local supplies of these fuels avail- 
able, or are all imported? 


What other sources of power are 
there ?— 
Wind, tides, water 


Cost of natural power nothing, but 
dams, machinery, etc., are very 
expensive > 


Are any large-scale sthemes in opera- 
| 


tion elsewhere? 


Collecting pictures of electrical machin- 
| ery from magazines, trade journals, 
| newspapers and advertisements 


Compiling scrap-books 


| s 
Study of local maps showing mineral 
resources 


Description of local examples 


Making model water wheel and wind- 
mill 


Consulting geographical magazines, 
books of popular science and engin- 
eering, books on special schemes, 
etc. 


a > 


Where is it to be? 

Why? : 

How far from main towns and indus- 
trial plants? 


> 
P > 


, Is water supply likely to be’ constant 
throughout the year? 


2 
One or two monsoons? 


Rainy seasons? 

River source in snow-capped moun- 
tains? 

Why is the last an advantage? 


Must any villages be evacuated? 


The proposed local scheme 


Preparation of: 

(a) small-scale maps showing— 
course of river, proposed site, 
distances from inporta towns, 

etc. 

(b) large-scale maps showing— 
contours 
area for proposed artificial lake, if 

any ZA 
rainfall F 


(c) large-scale map of Eal lake 
‘on squared paper; 
calculation of approximate area 


è 


e 
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o The teacher's gttide o Pupils’*activities © 
The proposed local scháme (continued) e 
‘ à e 
What plans are there for new villages | ° G e 


or lands for inhabitants? s 
Is it proposed to fise some of the water 
for irrigation? 


What crops are to be grown? Are these 
for home use or for export? 


How many more families will the new | 


areas support? 


| 


| 


Examining Government reports, etc., 
to find what food, if any, is imported 
| or exported 


Industries 


A hydro-electric scheme is so costly that unless it can produce a great amount 


of current for profitable use it will be a waste of money. 


What towns might be supplied? 


Are there proposals for developing new 
industrées? 
What industries? 


Are there local raw materials? 


Will there be a demand for the pro- 
ducts? ' 


Can they be made at a reasonable 
price? 


e 
Reading of newspapers, Government 
publications, etc., on the subject 


© 


Writing a summary of the arguments 
for and against the scheme 
€ 


Transport e 


How are these products to be trans- 
orted— 
To v:her parts of the country? 
to markets outside the country? 


Is proposedssite easy of access? Moun- 
tains, rivers to be crossed? — , 

What. roads, railways, water-ways 
exist? 4 i 


What roads or railways must be built? 


Will new ports or docks have to be 
constructed? 


o 
On 8 relief map suggesting a route for 
a new road or railway 
Explaining the choice of route 
Construction of models 


2 ! > 
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The teacher's guide ROM Pupils’ activities 
LJ » x d 
For railways: i Detailed lists to be developed during 
Rails, sleepers»or ties discussion in class’ 
Locomotives, wagons 
For roads: 
Trucks and cars 
For docks: 
Tugs and barges 
Water supply 
Coal or oil fuel soppis | 
Cranes, etc. 


For making all these: steel, timber, tar, | Collecting pictures of heavy machines 
cement, cement mixing machines, at work 
excavators, bull-dozers, cranes, etc. 


| Construction of models 


The many people employed 


| 
What will they need ?— | 
Hora Listing of the equipment and furniture 
Schools in the classroom and estimating their 
E cost 
Hospital Visit to local hospital—the doctor can 
Bank be asked to show stores and equip- 
" ment 
Men required include: 
Railway engineers 
Dock ‘éngineers Obtain list during class discussion 
Road engineers . > 
* Building contractors 
Water engineers 
Mechanical engineers Consult books, articles, pictures ms, 
Electrical engineers etc. 
Skilled craftsmen in all trades— 
plumbers, fitters, electricians, 
mechanics, masons, carpentors , 
Labourers : 
Shopkeepers Visits to, or from, engineers; inquiries 
"Teachers about their work » 
Doctors and nurses 
Clerks, overseers 
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The teacher's guide | 5 Pupils’ activities c 
Electrical machinery 2 p ITO a pe ERE i 
2 


Pylons and Wireecables 
Distribution gear 


Transformers 


Technical matters 


How is current carried? 
Lessons on conductors and non-con- 
ductors; Ohm’s law 


Why does current not leak away? 


Various exercises involving simple cal- 
culations > 


| 
| 
Non-conductors and insulators | Collecting various types of insulators 


What size cables? 
Lesson on voltages 
Use of transformers 


How much current? | 
Meantg of ‘watts’ | 
Is electricity dangerous? 
Precautions in use of electricity in 


LJ 
Calculating amount of current used in 
a house, or school, and its cost 


Preparing a list of instructions and 
warnings that should be given to 


houses Iugenyone in whose house electricity is 
| installed © € 
Earthing a wiring system | 
Three-pin plugs | 
. 
s za ee ee 
Economics pols 
o E 


What is the expected cost of the 
scheme? 

Where is the money to be found? 
= 

Money to be saved, raised by addi- 
tional ta&ation; how? 


Examination of Government's &nnual 
budget 


o 
Discussion: 
How does a country manage to: 
(a) save money? 


(b) borrow money? 
o 
o 


«a 

Finding out details of. Government 
loans and Savings Banks:—rates of 
interest 

Discussing whether pupils would be 
prepared to lend money if they had 
any 


e 
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Nüte — Models are often an important and instructive featuré of a 
‘project’. It should be remembered that the emphasis must lie on the 
scieritific principles involved rather than on technical details. This 
means that models can,often be constructed simply, as they should 


' be, by pupils at this stage of schooling. E 


(B) The coming of Man on the earth — A very stimulating sequence of 
material for a ‘unit’ with more biological bias was developed in New 
York State. The list of topics within the unit is as follows: 


The birth of the solar system 
The changing earth ' 
Plants that are not green 
Green plant and animal life begin on the Earth 
The development of plant life— 
Green plants, liverworts, mosses and ferns 
Flowering green plants 
New plants,and animals 
The development of animal life— 
Corals and jellyfishes 
‘The age of fishes 
The first land animals, the amphibians 
The rise and fall of reptiles 
Birds 
The mammals 
The coming of man 


Into such a scheme the teacher can arrange the elementary facts 
already known to the class, together with additional knowledge 
appropriate to the pupils’ 'ages and development. It is useful rather 
as a guide to the teacher than as a syllabus that can be immediately 
applied. zm 


(C) Summary of a ‘unit’ designed to cover the elements of dynamics 


Force — Anything that can be measured by a spring balance (tension 
or compression) is a force, whether it is the pull of a weight, a spring, 
or a rope; or the push of a spring, a rod, or the wind, and so on. 

Work — Work is done when a force is exerted through a distance. 
The product of the force and distance moved (in the direction of 
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action of the force) is a meaSure ‘of the work done. In the use ofa 
lever a force is applied through Å certain distance in order to produce 
another force acting through a different distance. Assuming that there 
is no loss of energy in the process, the amoupt of work put into the 
job is equaj to the amount of work got out. This principle can be 
applied to the úse of pulleys, cranks and windlasses, wheels and axles, 
screws, gears, hydraulic presses and brakes, etc., and extended to 
include the inclined plane, etc. The velocity ratio of the device is the 
ratio of the distance the first force moves to the distance the secand 
force is moved. 

The work done when a person climbs stairs, or when water is 
pumped up a hillside, is the total weight of the object (as might be 
measured by a spring balance) multiplied by the difference in height 
between the horizontal levels through which the weight has been 
moved. It makes no difference whether the route taken be long or 
short, provided that energy is used only to overcome weight and 
that there are no other hindrances to movement. i 

When a force is moved and work is done, a @ertain amount of 
opposition is met. This opposing force may be due to the downward 
pull of the earth (gravity), or it may be caused by friction. In the latter 
case energy is ‘wasted’ by being turned into heat. The only law about 
friction that needs to be known is that it always opposes motion. The 
use of tyre treads, brake linings on cars, brake blocks orf bitYcles, 
spikes on the soles of running shoes, all illustrate methods of increas- 
ing friction deliberately. In other instances the need to reduce it.to 
a minimum is so important that it can hardly be’ over-emphasized. 
Reduction of friction makes machines more effective (effitiewt). The 
devices in common use include: ball-bearmgs, pointed bearings, vari- 
ous types of suspension, and aboye all the use of oil or grease between 
sugfaces that are moving in contact and relative to one another. If 
two wheels, one large and the other small, both have hubs and axles 
of the same size, then for the same forward movement of the rim the 
hub of the larger wheel moves around,the axle a less distance*than 
the hub of the smaller wheél. In general, the movement of the hub 
relative to the axle becomes less as the size of the wheel increases. The 
very large wheels of Indian bullock carts provide an example of the 
use of this fact to reduce energy losses due to friction between hub 
and axle. 
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"There are many reasons why níàchines lose energy: for instance, 
by Overcoming friction; by overcoming the resi}tance of air or water; 
on account, of the weight of their moving parts; because they often 
have to workewithin certain limits of temperature (e.g. car engines), 
or under restrictions as to maximum size (e.g. locometives). The 
amount of wofk got out of a machine is therefore always less than 
the amount of work put in. 


work got out , 


The ratio is the efficiency of the machine. 


work put in 
(This ratio is commonly expressed as a percentage rather than as a 
fraction.) 

One of the fundamental ‘laws’ of science is that energy can neither 
be created nor destroyed. It is called the ‘/aw of conservation of 
energy’. Because every machine loses energy for one reason or 
another, no machine, once started, will go on and on for ever with- 
out drawing on additional supplies of energy. Not until the ‘law’ is 
proved to have æn exception is there any prospect of inventing a 
machine which will show ‘perpetual motion’. 


* 
THE TEACHER OUTSIDE THE CLASSROOM 


A teacher has not finished his job just because the bell has sounded 
the end of his last teaching period for the day. Like doctors, teachers 
are never really off duty. Some lessons can never be taught during 
ordinary school hburs, so the teacher must make use of any chance 
opportunity that offers. An example of the sort of instruction that 
may begin quite casually, during out-of-school hours, is a lesson on 
the apparent motions of the stars. 

The vast and confusing number of stars visible on a clear night 
makes it difficult for a student to note their movement acrogs the 
sky. Unless the obvious constellations are pointed out to him he has 
no points of reference from, which to gauge the movement. In the 
northern hemisphere two stars belonging to the Great Bear (Ursa 
Major) constantly *point' to the Pole star, and are very useful for 
reference; but in the tropics they are only visible in the eveningesky 
during a part of the year. Near the equator, Orion (from November 
to April), the Southern Cross (from March to July), and the Scor- 
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pion, like a great letter ‘S? drawh across the UN om April to Sep- 
tember), are visible if the evening sky and are easy to identify. fn the 
southern hemisphere, the Southern Cross (from February to August), 
and the stars Canopus (from November to April)jeand Achernar 
(from September to February), provide easily recognizable points € 
of reference. 


A casual lesson in astronomy — A teacher has his best opportunity of 
starting to teach elementary astronomy when accompanying his class 
during the evening, perhaps across the school grounds to the dining- 
hall or an evening preparation class, or when he is engaged in some 
other regular daily or weekly evening activity. This is the kind of. 
conversation that may take place:— 


TEACHER: ‘The sky is very clear tonight, isn't it? 

PUPILS: “Yes, Sir.’ 

TEACHER: ‘Do you see that bright star there?’ (Pointing--but unfor- 
tunately he cannot be seen in the darkness!) 

PUPILS: ‘Which one, Sir?’ 

TEACHER: ‘If you stand on this step and look towards the near corner 
of the dormitory roof, you will see it. You can make sure which it 
is because there are two other smaller stars, close together, slightly 
to the right of it. Now do you see which one I mean?’ ..,, 
UPILS: ‘Yes, Sir. We see it.’ 

TEACHER: ‘What time is it?" 

PUPILS: ‘Sir, it is just seven o'clock." ° 


The talk is continued later that same evening :— Biy 


TEACHER: ‘Look at that star now. Can you see it?” A 

PUPILS: ‘No... Yes, Sir, we See it. But it has moved.’ 

TEACHER: ‘Which way has it moved? 

PUPILS: ‘Sir, it has moved towards the west,’ 

TEACHER ‘What time is it now?” » 

PUPILS: ‘Nine o'clock, Sir.’, 9 

TEACHER: ‘Yes. You see, the stars seem to move across the sky, in the 
same way as the sun and the moon.’ 


Perhaps a fortnight later, there is further discussion :— 


TEACHER: ‘Do you remember that star we noticed two weeks ago?” 
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pudis: ‘Yes, Sir,” — SP 

TEACHER: "Look for it now Do you ste it?” j 

PUPILS: ‘Yes, Sir,’ d 


TEACHER: ‘What time is jt? 

PUPILS: ‘Just seven o'clock, Sir.’ ? , 

TEACHER: ‘Is it éxactly where it was at seven o'clock tWo weeks ago? 
Stand on this step again, and look towards the corner of the 
dormitory roof. Well, where is it?" 

PUPJLS: ‘It is farther west than it was last time.’ i 

TEACHER: “Then, although it is again seven o’clock, the position of 
the star has moved to the west.’ 


> 


In this way the teacher has been able to demonstrate not only the 
apparent movement of the stars from east to west during each night, 
but also the fact that they seem to move west by about one degree 
each successive day. Even if the teacher can only identify this one star 
in the sky, even if he cannot name it, the observations are well worth 
making. » 

The movement of a planet relative to the stars is another pheno- 
menon which can easily be watched. The star is pointed oüt to a 
group of boys during an evening. Its position is noted relative to 
other stars near it:— 


TEACHER: ^Do you see that bright star, shining steadily? 

PUPILS: ‘Which star, Sir?’ 

TEACHER: ‘If you stand in this doorway you will see it just above the 
left corner of thé headmaster’s house. It is quite near two bright 
stars, one to the left of it and the other below it. They make a 
right-angle. Now do you see it?’ 

PUPILS: ‘Yes, Sir.’ 


About a week later the ‘lesson? goes on:— 4 


TEACHER: ‘Can you see the star I pointed out last week?’ _ 

PUPILS: “Yes, Sir. But it seems to have moved away from the spot 
where it was last time. The three stars do not make a right-angle 
now. The one that was on the corner of the right-angle seems to 
have moved away to the right. Sir, why is this?’ : 

TEACHER: “The star that seems to have moved is really a planet. It is 
part of our little solar system and is very much nearer than the 
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other stars. It is called a fanet because it “wanders” sı a thates 
the meaning of thejword “planet”? |, ° 

PUPILS: ‘Sir, which planet is it?’ . 

TEACHER: ‘I think it is Jupiter, but we had better pel it i in 
Whitakegs Almanack? * 

PUPILS: ‘Sir, Where should we look in the sky for plifnets? Are any 
of these other stars really planets?’ 

TEACHER: ‘No, Planets are always seen somewhere along the path 
_ that the sun seems to follow across the sky by day. Only five of the 
bright stars are planets, and usually not more than two or three are 
visible at one time, and never more than three can be seen berem 
nine o'clock in the evening and three o'clock the next morning." 


PUPILS: hys Sir? 
TEACHER: ‘I shall try to explain it during our next science lesson,’ 


: CHAPTER VIL j 
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Pupils must Keep some records of their work, whatever modes of 
instruction the teacher may adopt. It is advisable, then, for the 
teacher to make up his mind about the methods of note-taking to 
be recommended to his class. He must also decide upon the most 
suitable treatment of pupils’ misunderstandings and mistakes. 

It is the purpose of this chapter to discuss some of the difficulties 
and problems which a teacher may encounter. 


Pupils’ notes 


Pupils’ notes contain descriptions and results of practical work, 
matter on which the teacher wishes to lay special emphasis, and 
material which i$ supplementary to the text-book. There are two 
alternative methods for keeping these records. 

(aX The notes are written in a ‘rough’ note-book and copied later, 
during private study periods, into a ‘neat’ exercise book. The advan- 
tages of making a second copy are these: 

iT tlie pupil’s handwriting, at speed,is bad, his second copy, given 
enough time, can be more presentable as a permanent record of 
instruction received or work done. 

ii. Writing out the work a second time helps to fix it in the pupil’s 
mind, » * 

- iii. Diagrams can be drwn and labelled carefully. 

iv. It ensures that the pupil has something to do during un- 
directed periods of private study. © 

On the other hand, an original ‘rough’ record tends to be poor in 
quality when it is regarded as something temporary which will be 
scrapped later on. There isa tendency for original records to be 
made upon odds and ends of paper which are sometimes lost before 
copying out. 

(b) The second method is to make one record only. Its advantages 
are: 

i. The pupil takes more care in its preparation. 
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il. Because it is the origina) record, it is ‘nearer’ to the agtüal 
experiment and less subject to the, ‘editing’ of observations, and 
measurements in which the immature student may unwisely indulge. 
On the other hand it is claimed that reasonzbly presehtable origiral 
records tafe up too much class time. " id 

Taking all the arguments into consideration it seems that one 
original record, not perfect perhaps, but reasonably kept, is prefer- 
able to a ‘rough’ original superseded by a second, ‘neat’ copy. It 
is recommended, then, that the description of an experiment, and 
the records of the results obtained, should be written up, and the 
illustrating diagrams drawn, in the laboratory at the time of the 
experiment. A 

One note-book should be used both for class notes and for records 
of practical work. When practical exercises immediately precede or 
follow the lessons, class notes and records of practical work should 
follow in sequence. When the practical work is organized so that a 
group of experiments follows lessons on a small section of the sylla- 
bus, the class notes can be entered at one end of the book, and 
the boðk reversed and the records of practical work written at 
the other end. It is, of course, most desirable that all the General 
Science in any one class should be taught by one teacher. If, unfor- 
tunately, this proves to be impossible, then the recommendation that 
there be one note-book only may have to be modified. One generaliz- 
ation still holds good: the number of note-books used for General 
Science at any one time should be reduced to a,minimum. — 

The criticism that the writing of original records in class takes too 
much time may be partly met in two ways. First, the amount of note- 
taking may be reduced. Provided that a suitable text-book’ is avail- 
able, a note-book is a supplement to it, not a substitute for it. The 
teachgr who finds himself dictating, or writing on the blackboard, 
lengthy notes for the pupils to copy, is probably wasting the time of 1 
his class. df he is making summaries, perhaps they are not sufficiently 
concise; but in any case there is no point in writing out, in class, 
material which may be printed more clearly, and set out more 
accurately, in a text-book. The second, and more profitable, way of 
saving time is to train pupils to draw neat diagrams quickly. This art 
is of the utmost value to the student at all times, not least during 
examinations. He gets little practice at it if he has a second note- 
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book into which he copies original material at a pace dictated by hig 
own fancy. Constant practice under the immediate supervision of a 
teacher, with speed and neatness both emphasized, is the only way 
to achieve proficiency. * ə 


The drawing of diagrams 


Before the pupil begins to draw an apparatus, he should be trained 
to see how the diagram involves a number of straight lines which 
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xphistle funnel —— 

cork — -delivery tube 

* 
Slat-bottomed flask gas jar for 
collecting 
ry carbon dioxide 
x calcium carbonate 
and dilute 
hydrochloric acid 2 


FIGURE 14.—TThe stages in drawing a diagram 


(a) Straight lines, (first stage) 
(b) Curves added (second s 
(c) Corks, etc., and ‘labels’ added (final stage) 


Should be drawn in groups of parallels. He should next be shówn 
how to put in the necessary curves (by free-hand if they are small), 
and to shade in corks. Then, with a ruler, he should indicate the 
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presence of liquids by a series of parallel strokes, Finally the diagram 


should’ be labelled "E descriptions written horizontally. A mnemo- 
l ; 


nic to help remember the order of drawing is: straight lines, curves'and 
corks. Figure 14 shows the stages in the drawing of a flask fitted with 


a thistle furgnel and a delivery tube for collecting a gas by downward © 


displacement of air. 


G 


e 
FIGURE 15.—Horizontal and vertical sections in one diagram: 
an electric motor “a 


(a) PLAN—armature and field ngnet 
(b) END ELEVATION—commutator and brushes 


Thowgh at first it may be useful to draw retort, burette and 
funnel stands, even tripods, all these can later be omitted from a 
diagram, With a consequent saving in time. Their use can often be 
assumed, and their represerftation does not usually make the dia- 
gram (nor the purpose of the apparatus) any clearer. 

Tbe labelling of the diagram should be done in script, not running 
hand. This makes for clarity and neatness. Pupils need not all use 
the same script, but each pupil, when he has adapted or adopted a 
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sctipt for his own use, should use it always. An example of à Suitable 
script is shown here: — g 3 


> 


2 abcdefg hijklmnopqrstuvwxyz 
ABCDEFGHIJKLMNOPQRSTUVW XYZ 


Diagrams should not be labelled throughout in block capitals, 
although these are to be preferred to ordinary handwriting. 

The lettering should be horizontal, thin or dotted lines (horizontal - 
whenever possible) leading from the label to the object. ; 

Diagrams should be drawn in pencil and labelled in ink. They 
should not be drawn in perspective but should show what would 
appear if the apparatus were cut clean through the middle. Thus a — 
diagram will usually be a vertical section, or elevation. Occasionally 
it is more convenient to draw a horizontal section, or plan. There are 
some pieces of apparatus where both vertical and horizontal sections f 
can be shown inřone diagram. An example is the direct current — 
electric motor with commutator. The two different sections should be. 
clearly distinguished as in Figure 15. 

There are standard methods of representing various electrical - 
contrivances such as switches, earth connexions, transformers, 
amtiters, voltmeters, galvanometers, cells, resistances (fixed and | 
variable), etc., as in Figure 16. Each method should be employed as - 
soon as the construction or use of the apparatus has been demon- 
strated. There are also in common use items of equipment and parts — 
of apperatus for which some standard method of representation is 
desirable. Such are: burette taps, spring clips, rubber connexions 
Yor glass tubing, clamps, bunsen burners, etc. Some recommended 
conventions for things of this kind are given in Figure 17. 

Diagrams which show conditions ‘before’ and ‘after’ some action, 
or process, are often effective. For example, when the volume of an 
object is found by displacement, two diagrams usefully illustrate 
what happens when an object is immersed in à measuring cylinder 
of water (Figure 18). 


© G6 
(a) Hy switch, CE | | c single cell 


th) | | | cells in series 
(bi mE earth connexion. | | 


(C) SIE transformer 


ar AAA) fixed resistance 


(J? NM variable resistance 


(di ammeter 
(ko terminal 
f 
& 
te) galvanometer 
l wires which cross 
n) but do not touch 
v 
= 


(o voltmeter am condenser 
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FIGURE 16.—Some conventions for electrical diagrams 
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FIGURE 17.—Other conventions suitable for diagrams 
(a) Rubber cónnexion for glass tubes (b) A (Mohr) spring clip 
(c) ‘Retort’ stand and clamp (d) Bunsen burner (e) Burette tap 


Note—Simplifications of this kind should be made and used whenever possible, to encourage 
speed and clarity. 


c .. graduated 
cylinder 
) : second level 
X of water 
) P rise in level 
“first level 
of water 
à ‘ object 
immersed 


(a) (bi 
FIGURE 18.—A ‘before’ (a) and ‘after’ (b) type of diagram 
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Pupils’ descriptions of experiments £ 
The order in which(the description of an experiment cep be 
written naturally follows the order in which the various operations 
are carried out. Pupils are apt to include irf their descriptions the 
actual medsurements they have made. This should be avoided. 
Descriptions can be written on one page and the record of results on 
the opposite page. One page will have, as part of the description, a 
sentence such as *I weighed an empty calorimeter. Then I half-filled 
it with water and weighed it again. I took the temperature of the 
water....' The other page will have the corresponding record of 
readings: 


Weight of calorimeter empty = 282g 

Weight of calorimeter and water = 96-4 g 
*. Weight of water = 682g 

Temperature of water = WS°C 


The pupil should anticipate the subtraction (to find the weight € of the 
water) and should leave the space in which to fill in the value. 

Pupils often like to use special exercise books which have one page 
ruled and the opposite page either plain or square-ruled. Butesuch 
books are expensive and by no means essential. A sheet of graph 
paper can be pasted into an ordinary exercise book on the occa- 
sions when a piece of square-ruled paper is needed. 

'The teacher correcting a pupil's description of an experiment 
has a great opportunity to encourage the writing of exact descriptions 
in a simple, straightforward style. The ability to write with clarity is a 
skill which is of benefit to everyone. The subject matter about which a 
student. of General Science has to write is concrete. It is often easier 
for him to see faults in style, when these are pointed out to him by his 
science te&cher, than to see similar faults made in writing or less 
factual subjects. One of theeadvantages of learning science is that a 
concise style may be developed, with the material arranged in an 
ordgrly manner. The science teacher should see that the opportunity 
is not missed. 
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Pupils? descriptive style 

` Corsistency in the use of pronoun and tense should be insisted 
upon. There js no particular merit attached to any one of the four 
. Styles of description which follow: B 

(a) ‘I took a beaker half-full of water and placed it upon a piece of 
gauze resting on a tripod. I heated the water until . . .' 

(5) ‘We took a beaker half-full of water and placed it upon a 
piece of gauze resting on a tripod. We heated the water until...’ 

(c) 'Take a beaker half-full of water and place it upon a piece of 
gauze resting on a tripod. Heat the water until . . . 

(d) ‘A beaker half-full of water was placed upon a piece of gauze 
resting on a tripod. The water was heated until . . .” 

Of these four examples the last is the usual style of scientific 
writing, but it is the hardest for young pupils to use. (c) is probably 
the least desirable, because the pupil should not issue instructions 
but should describe what he has done. The important thing, however, 
is for the student £o stick to one particular style. Once this has been 
chosen and he has started his description, he should continue to use 
the same person, mood, voice and tense. 


Pupz3 mistakes and their prevention 


Some of the many causes of pupils’ errors are noted in the following 
paragraphs. 

(a) The problem may be misunderstood. 

(i) The teacher may have set a problem beyond the ability of the 
pupil to solve. 

(ii) The teacher may M put a question which is badly worded, 
ambiguous, or too involved. The fault lies with the teacher. 

(b) The problem may be misunderstood because the pupii is un- 
familiar with the terms used. A special case arises when pupils are 
tauglit, not in their mother tongue, but in a language with which 
they are not so familiar. But whether the instruction is in the mother 
tongue or in a less familiar language, the scientist uses special words, 
the exact meaning of which has to be learnt. Examples of this class 
of words are valency, hydrolysis, catalysis, cotyledon, corm, radicle, 
serrate, axillary, the names of the various families, genera, species, 
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and so on. Confusion is increased when the scientist uses a common 
word fn a special or restricted sénse. Examples are period, receptacle, 
disc, superior (applied to ovaries), inferior (applied to planets),.etc. 

Here the science teacher adopts the same methods as "the teacher 
of languages uses when he helps pupils to enlarge their vocabulary. 
Constant practice is given in the use of the words; in spoken or 
written sentences, and in the filling-in of names in blank sketches, etc. 
In this way the use of the word ‘dissolve’ in the place of ‘melt’, for 
instance, and of vague phrases instead of the appropriate word, can 
in time be corrected. 3 

(c) The problem may be misunderstood for the simple reason that 
the pupil is mentally incapable of grasping its meaning. Even equal 
opportunity does not give students equal ability, and to think 
critically may be beyond a student's power. The responsibility here 
lies with those who admit pupils to classes in which they are unable 
to benefit by the kind of instruction given. 

But the lack of understanding is sometimes due to Weaknesses 
which the teacher can help to remove. For example, some pupils 
seem unable to visualize, from written or verbal instructions, the 
lay-out *of an apparatus. They need plenty of practice in drawing 
(and later in setting up) apparatus from a simple description, such as: 
*A glass tube, about 10 cm. long and 2 cm. internal diameter, is 
fitted at each end with a one-holed cork. The holes in the corkeare 
not bored centrally, and each is fitted with a piece of narrow glass 
tubing about 10 cm. long. The two narrow tubes lie side by side for 
about 2 cm., inside the wider tube.’ When necessary a pupil may be 
helped step by step through an exercise of this kind, and frequent 
performance of similar work often leads to great improvement. 
Other pupils sometimes appear incapablé of interpreting graphical 
data. Here again, a great deal of practice often helps: e.g. in reading 
Valuesafrom a graph, estimating intermediate points, or finding 
maximum, minimum or turning points, etc. The teacher can arrange 
exercises üsing the curves commonly found i in science text-books, e.g. 
for solubility, cooling, time-velocity, ete., or the statistical graphs to 
be found in books on economic geography. 

(d) The pupil may lack the knowledge necessary to come to a 
correct conclusion. An instance is recorded of a boy whose model 
electric train would not work. He oiled it, because that is what he 
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did to improve thè performance of his clockwork train. He did not 
know that a battery was required ĉo drive an electric train; so he 
failed to replace the worn-ont battery that was the cause of the 
trouble. If the class has been reasonably well taught, subsequent 
questioning and revision will reveal such lack of factual knowledge. 
These processes in themselves help to provide the knowledge which 
the pupil lacks. 

(e) Analogy may be pressed too far. A teacher may rightly use 
analogy to help a pupil to understand a new idea. Thus atoms may 
be compared with tiny bricks. If, however, the pupil gains the final 
impression that atoms are solid lumps of matter, the use of analogy 
has been overdone. If surface tension is said to cause liquid surfaces 
to act as though they have a ‘skin’, it is pressing the analogy too 
far when the pupil concludes that, in fact, they have a ‘skin’. The use 
of analogy is full of pitfalls for the imaginative teacher and the 
uncritical child. 

(f) The pupil may fail to apply the appropriate processes that 
would yield theacorrect answer. These failures may occur, for 
instance, in calculations involving the knowledge of physical laws: 
e.g. the connexion between the pressure and volume of a gas, the 
connexion between amperes, volts and ohms in an electric circuit. 
They may result from failure to understand Archimedes’ method for 
obt-ining the volume of an irregular solid and its application in 
finding the density. Revision, or the repetition of certain lessons, may 
be called for. There should be more practice with various examples, 
designed to reduse the arithmetic involved to a minimum. Pupils 
are otherwise apt to lose the thread of the argument in trying to cope 
with complicated numbers. In the early stages emphasis must be 
placed on the ‘method’. ' 

(g) Pupils often fail to see whether an answer is reasonable. 
Answers may be expressed in the wrong units, or the calculation may — 
be carried to a degree of assumed accuracy which the available data 
does» not justify. Pupils can become so accustomed to' examples 
which are obviously ‘manufactured’ that their answers are equally 
remote from reality. 

The teacher may need to make a special point of discussing the 
degree of accuracy to be expected in an answer before the exercise 
is begun. The help of the teacher of mathematics is useful to ensure 
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that the meaning of ‘significant figures’ is undergiood. But the most 
lasting results can only be obtained when the science teacher brings 
into the lessons a ‘breath of fresh air’; when they are based as 
far as possible on everyday examples—on real, not manufactured 
examples; when the results considered are those of "actual expefi- 
ments done inethe laboratory; when models, visual aids, and all the 
devices which are the normal tools of an alert teacher, are brought 
into use. 

Eager pupils often lack self-discipline, and training in this is needed 
if they are not to rush into doing a calculation or performing*an 
experiment without first attending thoroughly to instructions, both 
oral and written. 

(A) It is a common human frailty to draw conclusions from too 
little evidence. Science students, like others, show this tendency. 
The following are examples of pupils' conclusions which are IN- 
CORRECT because they were too hastily drawn: (i) ‘A// compounds of 
copper are blue because some crystalline salts of copper are blue.” 
(ii) ‘Because water is heavier than air, therefore gir, with water dis- 
solved in it, is heavier than dry air. (iii) ‘A west wind always brings 
rain, bécause it does so in one particular place.’ (iv) “Al crystals con- 
tain water of crystallization because it is present in some common 
ones.' These statements are FALSE. 

The teacher must emphasize that the scientist makes ‘hypotheses’ 
—he rarely claims to have established the truth of a ‘law’—and is 
wise if he notes deliberately the range of material from which he 
draws his conclusions. E 

(j) Some children are lazy. No single reason will explain why this 
is so. If it is because the pupil is bored, then the teacher must im- 
prove his methods. But it is sometimes due to the fact that the pupil 
is not physically fit to study. The responsibility for improving this 
Condition is not mainly the business of the teacher. The teacher, 
however, because of his close acquaintance with the pupil, has an 
unequalled opportunity of observing him, and may be able to.diag- 
nose the cause. Signs of anaemia, weak eyesight, faulty hearing, 
should become quickly evident, and it is the duty of the teacher to 
draw attention to such conditions, and to use whatever means lie 
in ‘his power to persuade parents, the school authorities, or the 
community, to take proper steps to remedy them. 
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$k) Misconceptions are hard to dispel. It may be necessary to do 
an experiment to bring out clearly tie real facts. The planning and 


` performance of an experiment for correcting?a fallacious idea or 


removing a "misunderstanding i is excellent training from every point 
of view. An example may be fouad in one quite common difficulty. 
— Pupils find it hard to believe that the water in the reservoir of the 
wet bulb of a ‘wet and dry bulb thermometer’ is not colder than the 
dry bulb. They attribute the *coldness' to the water itself and not to 
the effects of evaporation. Thus it may be necessary: (a) to repeat 
the various simple experiments on the cooling effect of evaporation; 
(b) to show that there is very little direct evaporation from the vessel 
concerned (a control experiment); and then (c) to demonstrate that 
the water in the reservoir is not colder than its surroundings. The last 
may be done by putting a third thermometer directly into the water, 
(If this is impossible in the particular reservoir, a small beaker can 
be substituted for it.) 


D 
The treatment of mistakes 


The experienced teacher knows the pitfalls which his subject offers to 
the learner, and may deal with them in two ways. (a) He may lead 
up to the danger point, warn the class of the ‘trap’ and explain the 
prottem. Then he may hope that the possibility of the class making 
the error has been averted. (b) He may wait for the mistake to be 
made and then correct it immediately afterwards. If he adopts this 
course, he should kave provided the class with the necessary guidance 
for making the correct conclusion, and there should be no delay 
between making the error and making the correction. 

Pupils commonly fail to appreciate at first that a complete vibra- 
tion has only been made when a particle again moves past a given 
position in the same direction. If the teacher adopts the first metho 
of dealing with mistakes, he may comment particularly on the 
example of the pendulum bob. If he takes the second attitude, he 
will not consider the pendulum i in particular, but will give examples 
of other vibrations, e.g. a particle going round in a circle, or the dis- 
tance between two waves on water, and then leave the students to 
apply the idea of ‘the same direction’ to the pendulum. Sometimes 
pupils are unable to make the connexion between 'the same direc- 
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tion’ and the swing of the pendulum, and they count each movement 
past tlfe lowest position as oné vibration, If pupils can apply ‘the 
principle without too much ‘spoon feeding’ then they should. be 
given a reasonable opportunity of doing so. It is a poor teaching 
method whieh gives the answer to every puzzle in advance, and tries 
to ensure that flobody can make a mistake—and it is*poor training 
for the larger problems of life outside the laboratory. 


The profitable use of spare minutes in class 


Pupils do not all work at the same rate. When several different 
experiments are being done simultaneously in a class, they cannot all 
be completed in the same length of time, however carefully the 
teacher may try to arrange for this to happen. Thus, some pupils may 
find themselves with a little time to spare at the end of a practical 
lesson. Their work is finished, the teacher is busy supervising and 
correcting the work of other members of the class, but it is good 
neither for their general training, nor for discipline, that such time 
should pe wasted. How can the few minutes be used in a manner 
which leaves the teacher free to give individual attention to other, 
and maybe slower, members of the class? | 

Magazines — One method is to let pupils "who have finished their 
other work help themselves to one of a pile of magazines kept irzthe 
laboratory. The magazines need not be those of most recent date, 
which are likely to be in the school library or reading-room. Older 
magazines will do. Periodicals such as those listed án Appendix F, 6, 
page 346; magazines for amateurs interested in radio, photography, 
railways, engineering; bulletins published by government depart- 


ments or through public relations officers on local forestry, irrigation; 


mining, agriculture and the like; trade journals, catalogues, etc., are 
all usefal. At the end of the lesson the journals should be returned 
to their place in the laboratory. 4 

Constructional toys—Another method, useful in encouraging’ the 
skilful use of the hands, and*in giving the pupil a practical acquain- 
tance with various mechanical devices, is to obtain a large toy con- 
strugtional set.! About eight or ten of the illustrations of simple 
models are cut out of the instruction books and pasted on separate 

1 e.g. ‘Meccano’. 
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T of cardBoatd. Each piece of cardboard, with the appropriate | 
selection of pieces (strips, rods, clips wheels, angle-brackets, nuts and — 
bolts, etc.) is put into a separate box. (Empty blackboard-chalk ~ 
boxes are Useful for this purpose.) A pupil can take one of the boxes — 
ahd. construct the apparatus whan his practical exercise is finished. 
It must be remembered that each of the eight or*ten boxes will | 
require a spanner and a screw-driver. These should be obtained, — 
together with additional simple books of instructions, when the 3 
original set is bought. Models showing the use of bevel gears, con- _ 
tráte gears, reverse and forward gears, reduction gears, etc., can be 
constructed. It needs to be emphasized that, for the purpose of fill- 
ing up the last minutes of a lesson, the models chosen for construc- 
tion should be very simple, but should illustrate some mechanical 
principle or device. Complicated models of liners, locomotives, etc., — 
are entirely out of place. The idea can be extended. A collection can ' 
consist of an ordinary electric switch, a batten lamp-holder, some — 
wire, some wood screws and a piece of fibre board. The pupil, given .— 
a diagram to helpyhim, can then learn how a house lamp and switch - 
are wired up. 
‘Quiz’ cards — A third individual occupation for the end of a lesson 
consists in answering ‘quiz’ cards. Two boxes each contain sets of. — 
filing cards numbered in sequence. In the first box each card has 
about ten questions written on it. In the second box the answers can 
be found on the card of the same number. The pupil takes one of the. — 
‘quiz’ cards, returns to his bench, and writes down the answers.ona — 
piece of paper. (On no account should he write anything on the — 
‘quiz’ card itself.) He then gets the appropriate answer card and com- —.— 
pares it with his own list of answers. The student must return both 
sards to their original places in the boxes, and may then take another - 
i ‘quiz’ card. Questions may be of the most varied kinds, but they ; à 
should be short, preferably requiring answers of only ong: word. j 
Examples and some specimen ‘quiz’ cards are given in vue VIL 
page 172, and Appendix D. II, page 304. 
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V 4 
Evaluating the Results of Science Teaching 
« G $ a 
The importance of tests à 
The purpose of teaching science is not only to instil a knowledge of 
facts, important as this may be. It is to develop skill in the use of 
apparatus, to develop skill in critical thinking and an appreciation 
of scientific methods, to encourage desirable attitudes and interests, 
and to stir the imagination. The teacher should find out, from time 
to time, not only how many facts the pupil has managed to remem- 
ber, but what progress he has made in the development of these other 
skills and qualities. 

It is comparatively easy to discover the amount of factual know- 
ledge gained. Unfortunately, testing is too often limited to such 
knowledge. The pupil who has a retentive memory is apt to gain 
much more credit than he would were the whole «ange of desirable 
qualities to be taken into consideration. The further a teacher 
moves from the limited field of objective facts, in an endeavour to 
test more subjective qualities, attitudes and interests, the moré diffi- 
cult he finds it to make an objective estimate. To the question ‘How 
many legs has a dog?’ there is one answer, ‘Four legs’. Similarly to 
the question ‘Name six parts of the alimentary canal in order, and 
summarize, in paragraphs of not more than forty words, the func- 
tion of each part’, the answer admits of little variation. But the 
worth of an answer to the question ‘What would you proyide for 
passengers about to travel by a rocket to,the moon?’ is much more 
difficult to assess, by any standard of measurement. o 
.. To find out whether a pupil, as a result of his training in the labora- 
tory, has become more co-operative, or more self-reliant, more ready 
to submit prejudices to the tests of reason, is an entirely different 
problem from that involved in estimating his knowledge of facts. 
It must be remembered that ‘spiritual truths can only be spiritually 
discerned'. In the last resort no quality can be adequately repre- 
sented by a number, a letter, or a percentage. Yet unless certain 
qualities have in fact been developed the teaching of science has 


failed in its main purpose. 
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sIn order to DU ons this fundamental difliculty, various attempts 
have been made to estimate qualities’ by dividing each into a number _ 
” of aspects. By simplifying thesanalysis it is hóped to obtain a more 
reliable estimate. For example, to estimate whether a pupil shows 
increased sense of responsibility, the teacher may record his judge- 
ment at regular intervals, perhaps two or three times a year. Indica- 
tions of this quality may be graded: 

(a)—fulfils his obligations willingly; 

(5)—usually fulfils his obligations; 

( c)—avoids his obligations or performs them unwillingly; 

(d)—constantly avoids obligations. 

Again, under the heading ‘degree of interest shown’, the pupil’s 
characteristics may be graded: 

(a)—very keen, asks questions, brings original material to class; 

(b)—attentive, borrows books from the library, occasionally asks 
questions, preparation work always done carefully; 

(c)—n6 trouble in class, but preparation work careless, rarely 
asks questions, slfows little original interest; 

(d)—shows no interest, never asks an original question. , 

It is to be noted that although the range of the quality is analysed 
into graduated stages, the pupil's position in that grading is still 
largely a matter of subjective judgement. The fundamental difficulty 
is rət overcome, but the assessment is made a little less haphazard. — 

Between the easy task of finding out how many facts a pupil has 
remembered and the hard task of estimating the more elusive but 
desirable qualities which the course is designed to encourage, there 
is a range of skills not difficult to test. The degree of manipulative 
skill acquired by a pupil can be evaluated by practical tests. The 
degree of attainment in critical thinking can also be tested by appro- 
priately designed questions. Examples of tests for achievement of — 
various kinds are given later in this chapter. € 

The dull teacher sets'a dull examination paper; the teacher gifted 
with’ originality produces questions which reflect his own qualities. À 
If a teacher has set the same paper, year after year, to pupils of a 
certain grade, his pupils may have learned something, but it is 
certain that he has learned nothing. An examination paper often 
reveals more about the teacher who sets it than about the pupils 
who answer it. 
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The results of a well-designed test disclose the effectiveness ofca 
teacher's work. If results are poor it need: not be assumed thatthe 


class is composed of dull students. It niay be that the teacher himself ` 


is dull. The comment ‘This pupil takes no interest in his work’, may 
be justifiable, but the teacher may Be to blame. He may be equipped 
with plenty of facts, but unable to ‘get it across’. Such à teacher must 
reconsider his methods, attend refresher courses, discuss his prob- 
lems with his colleagues, and search teachers' magazines for hints 
and tips for the more lively and effective presentation of his subject. 
If pupils’ answers to some questions are of much poorer quality than 
the average for others, he must try to discover the reason and remedy 
the weakness in his teaching. 

Testing can serve other purposes besides the obvious one of 
evaluating pupils’ progress. Upon the results can be built up a 
diagnosis, and from this some suitable line of treatment can be 
planned. In the world of medicine a diagnosis, if it discloses a lack, 
or an irregularity, is followed by remedial action. So the results of 
testing, if they reveal ignorance or error, should*lead to remedial 
ireatmegt. An excellent educational opportunity is missed if the 
teacher does not go through the test papers with his class. For with 
a marked paper before him even the dullest pupil is, for a while, 
emotionally stimulated, and most likely, therefore, to profit by 


«a 


correction. 


o 
General methods of testing : o 
(a) Written examinations—The usual method of requirirgawritten 
answers to tests and examinations may %e applied to test, factual 
knowledge and the ability to think logically. 4 
cx b) Assessment of the pupils’ other work—Original notes should 
be exanitined and assessed. The points to be considered are whether 
(i) the work has been logically set out; (ii) the treatment is adequate 
(neither too much nor too little); (iii) the work is accurate; (ivy the 
work is neat. Each aspect should be taken into account. The same 
qualities can be expected in scrap-book material collected to illus- 
trate a topic, or, indeed, in any original paper work produced by the 
pupil. ; 
The degree of skill shown in carrying out experiments should be 
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observed. Consistency of results, in a series of repeated experiments, 
is dn indication of the reliability of’ the pupil’s work. The accuracy 


. of the fina! result may also be regarded as another measure of his 


skill. i 


Questions in class 


(a) Methods of questioning — A great deal of class time is taken up 
by questions put by the teacher and answers given by the pupils, so 
it is well to know how to question and to understand what purposes 
questioning can serve. A question must not be ambiguous, and must 
be clearly stated in words which the pupil understands. If the lan- 
guage of instruction is not the pupils’ mother tongue, particular care 
is needed to make sure that they understand the meanings of the 
words and phrases used. The use of an unfamiliar language leads 
pupils to rely on parrot-like repetition of phrases taken indiscrimin- 
ately frorh text-books and teachers’ notes. 

It is best to announce the question before naming the pupil who 
is selected to answer it. Pupils should not necessarily be questioned 
in turn in the order in which they sit, or alphabetically, according to 
their ‘names, lest some pupils lose interest in the intervals between 
questioning. They should be kept alert, and made to think of every 
question as it is asked. 

It is not wise for a teacher always to indicate at once when a 
correct answer has been received. When the same question is asked 
of several pupils én turn, each giving an answer, all these are actively 
participating in the work of the class. Further, there may emerge 
from the class, in the end; a more satisfactory answer than any one 
pupil can give by himself. 


ng 
(b) Reasons for questioning — Questions may be asked to sind out 
what pupils know, and what they understand. They may be used at 
the beginning of a lesson to revise previous work (reminding them of 
what they are expected to know), and tó gather together information 
that will be of use during the lesson. Questions should be given to 
draw out knowledge, not to exhibit pupils’ ignorance. Except for an 
occasional revision exercise, when the teacher deliberately chooses 
questions in any order from a wide field, questions should lead on 
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from point to point, and a logical sequence of Weüght should be 
established. 6 o 


Questions which seek information are good. Questions which dis- : 


close a meaning and encourage thought are better, Questions which 
. . G 

lead a pupil to determine to«find;out the ànswer for himself, ór 

to put his knowledge to practical use, are the most valuable of 

all. 


(c) Short written answers — A quick revision of a previous lesson 
can be made in a few minutes. A half-sheet of an exercise-book is all 
that is needed by each pupil. About ten straightforward questions 
are asked, each requiring a short answer— preferably of one word 
—but questions inviting a simple ‘yes’ or ‘no’ should be avoided. 
(In the latter case, guess-work alone is likely to gain half marks for 
any pupil) The advantage of this over oral revision, is that every 
member of the class must try to answer every question. For instance, 
after lessons on respiration the following questions might:be asked: 

(1) Name the two gases which compose most of the air. 

(2) Which gas takes an active part in respiration? (Because it 
offers ohly two alternatives this question is, in fact, little better than a 
‘yes’ or ‘no’ type.) H 

(3) What gas is expired in exchange for part of the active gas? 

(4) What solution is used to show that breathed-out air is different 
from air breathed in? ' 

(5) How is this solution changed by breathed-out air? i 

(6) Name the pores, in the under surface of a deaf, which admit 
air, 

(7) When do plants ‘breathe’? à 

(8) Name the substance, carried by certain blood cells, which has 
Elo do with respiration. y 

(9) What colour is blood (a) in the arteries? 
; (b) in the veins? 

Papers sare exchanged between pupils, who mark each other's 
answers. Such factual testseare quick ‘and effective, and take little 
class time. Correct spelling should be insisted upon. 


(d ) Longer verbal answers — Questions that demand verbal replies 
can be framed to require longer answers. For instance, during a 
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lesson on acids wed bases the teacher can inquire what liquids, known 
to tne class, are ‘sharp’ and ‘sour’. The answers may provide sugges- 
| tions that vinegar, sour wine er milk, and fruit juices, especially the 
juices of immature fruit, are acid. They can be tested with litmus 
paper. Another question may remind the class that carhon dioxide 
is acid to litnius; hence the possibility that lime-water is alkaline 
because it reacts with the gas. A test of lime-water, to see if this is 
indeed the case, then follows. A question should often lead to some 
suggestion which may be tested, or followed up, appropriately in that 
particular lesson or in one very shortly to follow. 
The following is the kind of question and answer often heard in 
a class under the direction of an incompetent teacher: 


TEACHER: ‘Lime-water is alkaline. What is lime-water?’ 
CLASS (in chorus): ‘Lime-water is alkaline.’ 

TEACHER (repeating himself): ‘What is lime-water?" 
CLASS: *Lime-water is alkaline.’ 

TEACHER: “That is right. Lime-water is alkaline." 


In such an exchange of words between teacher and class no addi- 
tional information has been gained or extracted, no one in the class 
has been required to think, no suggestion has been made that leads 
to further inquiry. 

ES 


(e) Questions for pupils of different abilities — Class questioning 
serves to keep a class alert. Some pupils are keen and are ready to 
answer any questions. They should not be allowed to answer all the 
questions; The harder ones should be saved up for them, and to pro- 
vide some ‘face-saving’ the.teacher may well comment that such and 
such questions are, indeed, difficult. The minds of brighter pupils 
are thus kept at a stretch, and they are not disheartened if the easy. 
questions are not directed to them. The less able membera of the 
class are provided with questions within their compass and gain 
some encouragement by being able to answer them. 

A question fired at a named pupil whose attention seems to be 
wavering helps to bring his mind back to the problem in hand. (A 
teacher should be particularly patient with pupils who stammer. It is 
wise, if named pupils are asked questions, for stammerers to be 
asked those which demand only very short answers.) 


[: 


EVALUATING THE RESURS OF SCIENCE TEAGHING 441 


{ 

(f) Pupils’ questions—A variant on the usual quon and answer 
procedure is provided when the questions are suggested by members 
of the class. At the en& of a lesson the class may be invited to suggest 
the sort of question which the teacher may be expected £o ask. These 
will be mainly questions requiring'a knowledge of facts, and ‘will 
include those réquiring the names of parts of insects and plants, for 
instance, or the names of instruments and apparatus, or chemical or 
physical formulae, or lists of properties. 


€ 


(g) Questions invited — During five minutes at the end of a class 
period a teacher may invite questions from anyone in the class. If 
he has gained the confidence of his pupils this part of the lesson may 
be very profitable indeed. Here the teacher needs tact, so that the 
pupil who asks an irrelevant question is not snubbed, and patience, 
so that the pupil who asks a question which shows that he has 
missed the whole point of a lesson is not too vigorously rebuked. 
For if the latter has indeed missed the point of the lesson it may be 
the fault of the teacher. To know which pupils afe genuinely dull, 
which yninterested, which merely malingering and which are 
genuinely trying to learn but have yet failed to understand, is part 
of the art of teaching. The teacher with experience becomes almost 
intuitively aware of the attitudes and abilities of his pupils. 

The quality of a pupil is often shown far more by his ability to 
ask an intelligent question than by his ability to give a correct 
answer, just as the genius of a scientist lies more often in his selection 
of the right questions to ask of Nature than in his skill in the pursuit 
of the answers. je 

4 a 
(A) Discussions, conferences and interviews—1n the informal and“ 
«,DOn-regimented arrangements of the modern classroom, classes can 
easily assume the form of discussion groups. The problems under 
discussion may cover a wide range. On one occasion arrangements 
for the provision of specimens such as frogs, mosquitoes or flowers, 
for the next lesson, may be dealt with; on another a scheme for the 
regular cleaning or tidying of the laboratory may be discussed; ora 
new,rota for the regular reading of meteorological instruments or 
for the care of a garden may be drawn up. There is no hard and fast 
distinction to be drawn between where an ordinary lesson ends and a 
L 
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digcussion growp“begins. But the, function of the teacher changes 
from director to chairman. The class may be hardly conscivus of 
any,change in procedure. During such non-technical discussions the 
teacher has an opportunity of judging the keenness of pupils from 
ahosher angle. i > 

A teacher who has a large class has limited opportunities for 
dealing with individuals. To answer a pupil’s question the teacher 
may have to stray into some scientific by-path. The keenness of the 
pupil concerned may enable him to make a great effort to follow the 
teacher’s explanation. But the interest of the rest of the class may 
begin to waver. They may suspect the purity of the motive which 
has led their classmate to demand such exclusive attention on the 
part of the teacher. Under such circumstances the teacher may have 
to await an opportunity of meeting the boy out of class and discuss- 
ing the matter with him alone. 

During a well-organized practical lesson, however, as the teacher 
moves from one pupil to the next he has an opportunity of answer- 
ing individual qusstions and assessing interests and attitudes. He 
may also see among a pupil's belongings some article—a book, a 
contrivance, some prized possession—which the pupil may be glad 
to describe, or explain, or learn more about. In this way the teacher 
may gain an insight into the depth of individual interest and under- 
standing. At the same time, he may be able to suggest further 
sources of information or uses, or, by some word of encouragement, 
warning or advice, to give a permanent bent to the pupil’s interests, 
perhaps his whole future career. 
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Evaluating general progress 


(4) A question of the essay type, suitably phrased, may yield 
some evidence of the development of desired interests and ajtitudes. 
Examples are: ‘Is the siudy of science worth while?’ “My favourite 
subject’, ‘Which science text-book I like best, and why’. Pupils are 
apt to write what will please rather than what they really think, so 
the evidence obtained from reading answers to such questions is not 
very reliable, 

(5) The ‘atmosphere’ of a class may be considered. Do the pupils 
come to class willingly or reluctantly? At the end of a lesson do they 
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leave the class with an obvious sénse of relief, one tie, tend to 

linger regretfully? Do they seek to be excused from attending class 

on the various pretexts that pupils so‘readily invent? e ? 
(c) Does the teacher himself enjoy the lessons? He may be con; 


vinced that he is conducting his claSs well, that his lessons are well € 


prepared, that he is covering the chosen syllabus. All this should, of 
course, be the case. His class may have a certain amount of enter- 
tainment value. It would be inexcusable if certain lessons that the 
teacher of General Science must give were other than entertaining. 
But more can be expected than this. The teacher should experience 
an inner satisfaction after a good lesson; it is likely that the same 
kind of satisfaction will be felt by a pupil. The experience is subtle 
and hard to describe, and is similar in this respect to other aesthetic 
experiences. But the person who has had such an experience knows 
it, and can testify to its reality. Somehow he knows that he has 
shared an experience with his class, and this is evidence that some, 
at least, of his pupils have also entered into it. 

(d) If the organization of the school permits, the help of pupils 
may be enlisted in preparing for lessons by setting out experiments, 
in keeping shelves and cupboards tidy, in. renewing labels, agd in 
keeping apparatus clean and in good condition. A teacher can 
make a fair estimate of a pupil’s attitude to the subject, and of 
the extent to which he has developed a sense of responsibility, 
by observing his willingness to take his turn in a rota of duties, 
and by the regularity, or otherwise, of his appearance in the 
laboratory at the appointed time. In the book in which he records 
the experiments carried out by each pupil, the individualemarks 
scored in tests, and so on, the teacher cán well set aside celumns ; 
in which to note qualities he has peen able to observe. He will, of 

«course, find it easier to note the instances of great helpfulness or 
obvious “indifference than to estimate the intermediate qualities 
shown by the majority of the class. But incomplete though such 
records may be they are a help in making a reliable assessment, 
especially when a pupil is leaving school and wants a testimonial, 
or when would-be employers are seeking suitable employees. Grad- 
ings4ike those suggested on page 136 may be used under the various 
headings in the record book. 
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' (DsShort-enswer questions — Phese require thé minimum of writing 


from the pupil, and thus save time. They may be divided into 
several types:— Eat 

(A) Logical’ selection type—These exercises require the pupil to 
cross out the name of an object which, not resembling the others, 
does not fit into the same category. The usual instruction to pupils 
is;—‘Cross out, in the following list, the word which does not seem 
to belong to the same group as the others.’ 
Examples: (a) horse, crow, cat, mouse. 

(b) wave-length, frequency, compression, amplitude. 
(c) pints, litres, grams, cubic centimetres. 

(In (a) ‘crow’ is to be crossed out, as the others are mammals. In (^) 
all are connected with wave motion and can be measured in terms 
of some unit, except ‘compression’ which merely records a condition 
and is to be crossed out. In (c) all are measurements of volume, 
except ‘grams’ wAich is a measure of weight and is to be crossed 
out.) ) 

The tests enable the teacher to gauge the pupils’ ability to analyse 
a problem and suggest to themselves various hypotheses until, 
having hit upon a probable one, they eliminate the item which the 
hypothesis would exclude. Consider the example in which a student 
is required to cross out one word from the following: water, mercury, 
chalk, common salt. A pupil might begin by asking himself ‘Is there 
one solid while tile rest are liquid? —"No, there are two solids, chalk 
and conimon salt.’ Then, ‘Is one used as food while the others are 
DRSNO, for both watgr and common salt are part of a normal 
diet.’ “Is only one white? —'No, chalk and salt are both white.’ So 
he goes on, until he notices that mercury is an element, while the... 
rest are compounds, and proceeds to cross it out. (He might also 
cross it out on the grounds that it is the only metal, or the only good 
conductor of an electric current.) h 

In compiling such questions the teacher is able to cover a wide 
range of facts and is able to introduce concepts which are appro- 
priate to any stage of development. 

(B) Multiple choice type—The test provides a choice of several 
possible answers, of which only one is correct. The usual instruction 
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to pupils is:— Underline the corrgct answer to cali f the following 
questions." $ 5 c 
Examples: (a) The speed of sound in air is: (i) 10 ft. per sec (ii) * 
550 ft. per sec. (iii) 1 mile in 5 secs. (iv) 60 miles per hy. 

(b) A kjinostat is used: (i) to show the effect of gravity ore tfe 
growth of plants; (ii) to measure the distance between successive 
waves; (iii) to measure the angle between a slope and the horizontal; 
(iv) to regulate the temperature of an oven. 

(c) Archimedes lived about: (i) 1000 B.c. (ii) 250 B.C. (iii) A.D. 100 
(iv) A.D. 1500. i 

(The answers to be underlined are: (a) *1 mile in 5 secs.’; (b) ‘to 
show the effect of gravity on the growth of plants’; (c) ‘250 
B.C.) 

(C) Sense discrimination type—A somewhat more complicated 
version of the second type of test (B) requires a pupil to select those 
words and phrases which will combine to form a logical or correct 
statement. The instruction to pupils is:—‘Cross out ‘words or 
phrases from each group so that a logical orecorrect statement 
remains." 


red red ‘ 
Examples: (a) Acids turn litmus 
e 


blu blue 


silver nitrogen 


floats upward thrust 
(c) When an object in water the ©. 


sinks o (downward thrust 


copper hydrogen c 
(b) When steam reacts with, magnesium, oxygen is liberated. 


less than 
.is(equalto pthe weight of the óbject. 


more than ; 

(The sentences left should read: (a) * Acids turn blue litmus red.’ 
(b) ‘Wheh steam reacts with magnesium, hydrogen is liberated.” 
(c)—there are two alternatives—either, “When an object floats in 
water the upward thrust is equal to the weight of the object,’ or 
‘When an object sinks in water the upward thrust is less than the 
weight of the object.’) : 

(D) Matching type—The test requires appropriate words in one 
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column to be ‘Hidtched against corresponding words in another 
coluinn. The instruction to pupils i’:—‘Put in front of the fetters 
' jn the second column, the number of the corresponding word (or 
name, or phrase, or formula, etc.) in the first column.’ 
D Exaiples: (a) (1) NaCO; e ) ° (i) Sodium carbonate 


^(à NaHCO, ( ) (ii) Copper sulphate 

(3) MgCl, ( ) ii) Magnesium chloride 

(4) KNO, ( ) (v) Manganese dioxide 
5 (5) CuSO, ( ) (v) Sodium bicarbonate 

(6) MnO, ( ) (vi) Potassium nitrate 

(b) (1) Starch ( ) (i) Protein 
(2) Butter ( ) (ii) Carbohydrate 
(3) Meat ( ) (ii) Fat 


(The correct order of the numbers to be placed in the second 
column is: (a) 1, 5, 3, 6, 2, 4; (D) 3, 1, 2.) 

(E) Reasoning type—The test suggests a variety of possible answers 
to a question. Of these the pupil is asked to select that which is the 
most logical. The? usual instruction to pupils is:—‘Underline the 
answer which seems to you to be the most reasonable.’ " 
Examples: (a) A thick vessel of ordinary glass may crack if you 
pour poiling water into it because: 

(i) thick glass is not strong; 

@i) the careless use of hot water can cause accidents: 

(iii) thick glass is expensive; 

Gy) thick glass expands unevenly; 

(V) water is a poor conductor of heat. 

(b) As? observer only sees a rainbow when he stands with his 
back turned towards the Son because: 

" (i) the sun is always shining brightly when à rainbow is seen; 

(ii) it is made of many colours; 

(iii) there is always rain in the neighbourhood of a rainbew; 

(iv) it is formed by light reflected from distant raindrops. 

(The answers to be underlined are: (a) (iv); (b) (iv).) 

This type of test is also useful for testing factual knowledge, as in 
the following example: 

(c) Ammonia gas is not collected over water because 

(i) it is an alkaline gas; 

(ii) it is colourless; 
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(iii) it dissolves readily in water; d « 
(iv) it is lighter than air. — * ; - 
(The answer to be underlined is (iii).) 5 E 


(F) Completion type—This type of test enables a teacher to evalu- 
ate a great deal of factual knówledge without much writing by*the 
pupil, who has to fill in blanks left in sentences or fists, etc. The 
instruction to pupils is simply:—“‘Fill in the blanks in the following: 
Examples: (a) The pitch of a note given out by a stretched wire can 


be raised if the wire is ....... OL eae at, MOTE a ES o A 

(b) The. m is a wall of muscle which separates the ....... 
from the abdomen. 

(c) The common name for potassium nitrate is ....... Its 
chemical formula is ....... When it is heated it ....... and gives 
OM ;... 2 The substance that remains is called ....... and often 
appears slightly ....... in colour. 


(G) True or false type—The pupil is required to say whether the 
statement is true or false. The usual instruction to pupils is:— 
‘Against each of the following statements, put, in the space provided, 
a "T" if the statement is true, or an “F” if the statement is false.’ 
Examples: (a) Coconut oil is denser than water. ( —.) E 

(b) Air is light. Therefore the more air one pumps into a tyre the 
lighter the tyre becomes. ( ) 

(c) It is easier to bend a long iron bar than a short one of the séine 
diameter. (  ) 

This type of question suffers from the same disadvantage as those 
requiring a plain ‘yes’ or ‘no ‘for a reply. Guessing can supply a 
certain number of correct answers. To avoid giving credit far guess- 
work it is usual to arrange the questions and to calculate thg marks 


as follows. Equal numbers of true and false statements are provided“ 
«In a total of 10 questions 5 correct answers may result if the student 


merely writes a list of ‘T’s’ or a list of ‘F’s’, so no marks at all are 
given for 5 correct answers. But 6 correct ánswers score 2 marks, 
7 score 4,°8 score 6, 9 score 8, and all answers correct score the full 
marks, 10. It is not always éasy to convince a dull class that such a 
method of estimating marks is just! i 

It is often better to develop the ‘true or false’ type of question, as 
in the following examples:— 

l. The accompanying graphs were obtained from figures for a 
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certain town, Sivfiing (a) death rate, (b) rainfall, (c) gan tem- 
perdture—for each month of the year. Examine and compare the 


> i 
graphs. Against each of the following statements write one of the 


letters A, B or C. These letters are to indicate that (for the particular 


town): is 


A—the graph shows that the statement is true; 


B—you consider that the graph gives insufficient evidence; 
C—the graph shows that the statement is false. 


SOAM (i) The health of young people is less affected by the weather 
than that of old people. 


Av on (ii) The colder the weather, the healthier is the climate. 


[4 € 
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€ 
ive (iii) There are more deaths,in February thate December. e 
ae (iv) July is the healthiest month. . y 
m... (v) Many people die of malaria i E 
c (vi) Most rain falls during the hottest months. , 
SOR (vii) Wet weather is bad for the health of the people. © * « 
Nds. (viii) It most often rains between 6.0 and 8.0 p.n. 
oer (ix) The weather gradually gets colder from July to December. 
Geres (x) Women live longer than men. 
N.i (xi) The more it rains, the cooler it is. J 
Pr. (xii) If strangers like cool, dry weather, it is better for them to 
visit the town in August rather than April. 
2. Carbon dioxide is evolved when a dilute mineral acid is added 
to washing soda. A boy poured some liquid on to a few crystals of 
washing soda and found that they did not ‘fizz’ (effervesce). On the 
evidence available, write one of the letters, A, B, C or D, against 
each of the following statements, according to whether you consider 
that: T 
@ 
A—it is true; 
B—it is possibly true; 
C—there is no evidence; 
D—it is false. 


ee (i) The liquid was water. 

PE. (ii) The boy failed to heat the mixture. 
SR (iii) He did not add enough of the liquid. x 
eer (iv) The washing soda had already lost its water of crystalli- 
zation. E 
TER (v) The liquid was not a dilute miseral acid. E 
JOE (vi) The liquid was alkaline. 

25. (vii) There was a colour change. 

ers (viii) The gas given off turned lime-water milky. 

3. You are given the following facts: — * € 
(a) All sugars contain carbon, hydrogen and oxygen—the last*two 
elements being in the same proportions as in water. 

(b) Concentrated sulphuric acid readily absorbs water. 

(c),Concentrated sulphuric acid was added to ordinary (cane-) sugar 

in a test-tube and the mixture was warmed. It turned black. " 
Making use only of the facts given, write one of the letters, A, «e 


@ 
(P | 
.9 


D 


LI Y s 
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B, C, D or E>aghinst each of the "following. The letters are to 
meaa: E è ? 
»A—the statement is true; » , 
B—the statement js probably true; 
'C—there is no evidence for the statement ; " 


D—the statement is probably false; 
E—the statement is false. 


NES (i) The mixture turned black because it was burned. 
- +. (il) Because starch is built up from sugars it will therefore 
turn black when treated with warm, concentrated sulphuric acid. 
JN. (iii) The black residue contained carbon. 
nudas (iv) At the end of the reaction all the sugar was decomposed. 
den (v) Hydrogen and oxygen were removed from the sugar in the 
form of water. 
deu (vi) If water and carbon are mixed together, sugar is formed. 
SAIS (vii) Sulphuric acid reacts with sugar because acids are sour 
and sugars are sweet. 
qeu (viii) Sugar Js composed of carbon, hydrogen and oxygen. 
voter (ix) Every sugar turns black when treated with warth, con- 
centrated sulphuric acid. 
aie (x) Cold sulphuric acid does not react with sugar. 
The correction of short-answer papers — The correction of test papers 
is an onerous but unavoidable task, Test papers of the short-answer 
types can often be arranged so as to reduce the time taken in their 
cortection. E 

(a) The question paper can be set out so that the answers are to 
be written, on the same aper, in a column near the right-hand 
margin.*The teacher writes the Correct answers on another paper 
Which becomes the ‘key’. The keygis then placed upon each pupil’s 
answer paper in turn, so that the answers in the ‘key’ lie exactly by” 
the side of the pupil’s answers. It is then easy to check the second by 
the first, Some questions from a paper of this type are given below: 
Instruction to pupils, “Write*your answers in the margin provided’, 


(A) 1. Name the active constituent of air. 


2. What name is given to compounds of this gas 
With other elements? 


etc. 


t 
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(B) Place a ‘T’ or an ‘F’ in the space provided in ie e 
margin according to whether the following state- 
ments are true ot false: £ c ° 

1. Moist air is heavier than dry air. ^ eu 
2. Carbon dioxide supports conibustion. ( 
; etc, 

(C) Write in the margin the word which does not seem 
to belong to the same group as the others. 

1. Iron, copper, carbon -tin me E tase as 4 
2. Salt, air, copper oxide, ammonia gas. — ^  |........... 
etc. 


(5) When a large number of pupils take the examination, but it is 
inconvenient to use the above system, another method of quick and 
accurate marking is available. A sample paper is as follows:— 
Instruction to pupils: ‘Fill in the blanks in the following statements’: 

1. If two resistances, each of 3 ohms, are connected in sefies, their 


combined resistance is ....... ohms. If connected; in parallel their 
combined resistance is ....... ohms. 

2. D.C. stands for ....... , A.C. Stands for... 5. 

3.Iron filings are most readily attracted to the ....... 'of a 
magnet. 

4. Attraction is shown by a steel magnet and an unmagnetizcd 
steel bar, but if two steel bars show ....... PUNE D unis Do Hem 

etc. 


A ‘key’ is prepared as follows. A copy of the question paper is 
placed on a piece of stiff paper, or cardboard, with carbon paper 
between them. The spaces where the answers are to be put are out- 
lined on the question paper, thus leaving à trace on the cardboard « 
below, and these traces are then cit out by means of a sharp knife. 
When this is placed over the answer papers the pupils' answers 
appear through the spaces and the teacher's éye is not distracted by =, 
the typescript. Written on the ‘key’, above the spaces, are the correct 
answers. As the pupils’ answers appear immediately under the cor- 
rect answers, checking is easy and rapid. 


E 
(2) Long-answer questions — Short-answer questions provide a means 
for exercising and evaluating reasoning powers, and for revising and 
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testing factual Mowledpe! There are other skills which a science 
colfrse should develop. The study of science provides a great oppor- 
tunity for directing the attention of a pupil to the need for the precise 
use of words, for the writing of concise and accurate paragraphs, for 
setting out an argument in a Idbical’ manner, and for describing a 
process with proper attention to the sequence of operations involved. 
These skills cannot be developed or tested by short-answer tests. 

To ask ‘Which are better, long or short-answer questions?’ is to 
miss the point. They are two tools devised to serve different purposes. 
A chisel is not better than a saw: each has its proper function, A 
man who used either chisel or saw for the same job would forfeit 
any claim to be a skilled carpenter. Similarly a teacher who uses 
either long or short-answer questions for the same task, or who 
restricts his tests to one type only, equally forfeits any claim to 
being competent. A well-designed examination paper will contain 
both types of questions. Statements of fact, and exercises in thinkin g 
will be déalt with in short-answer questions. Long-answer questions 
will provide the 3tudent with an opportunity to demonstrate, and 
the teacher to evaluate, other abilities. e 

In the following pairs of questions the first is of the short-answer 
type, the second is of the long-answer type. It is profitable to com- 
pare them. 

%Xa) (i) Fill in the blank spaces :— 

Insects have ........ legs. Their bodies are divided into three parts 
named .,...... Ran eres e e ec respectively. 

(ii) Describe How an ant colony is organized and how its various 
"chambers are arranged. Describe the various activities carried out 
by different groups in the colony and state how each group is 

"adapted to its own task. 

(5) (i) Fill in the blank spaces?— ne 
Carbon dioxide is ......, In} Watery: se ene to litmus, ... 9... than 
am combustion, and turns ....... milky. 

(i) Describe the part carpon dioxide plays in the respiration and 
growth of plants. s 

(c) (i) Write, in the spaces provided, the chemical formulae of 
the following gases: ammonia (....), oxygen (....), carbon dioxide 
(. je) nitrogen (....), hydrogen (....). 

(ii) How did the discoveries of Avogadro, and the arguments of 


« 
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Gay Lussac, lead to the belief that hydrogen in"ifie free state is 
compósed of molecules, each containing two atoms? Y 

(d) (i) Cross out words and phrases from each group .of the fol- 


lowing, so that a correct statement remains: o 
(sound waves always * 
Light waves are shorter than . They4 sometimes 
wireless waves never 


obey the same laws of reflection. 

(ii) Explain how internal reflection takes place, and how good use 
of the phenomenon is made by means of a prism in a prismatic 
compass. 


(3) Tests based on diagrams — Remarks on the drawing of diagrams 
have already been made (Chapter VII, page 122). Pupils’ diagrams 
provide revealing commentaries on powers of observation and the 
extent to which lessons have been understood. The more limited the 
facilities for practical work, the more emphasis should be given to 
diagrams. Pupils may be required to draw diagrams themselves, or 
to correct diagrams which are provided. 

The points to look for in assessing the merits of a diagram are: 

(i) Does it represent an apparatus which will serve the purpose 
required? 

(ii) Are the parts shown in reasonable proportion? 

(iii) Is it neatly drawn? 

(iv) Is it neatly and accurately labelled? H 
For the last two a certain minimum standard should be required 
before any credit whatever is given for a diagram. A 

The teacher should have in his mind some allotment of maximum 
marks under each of the four headings. (The first heading, as in many“ 
biological drawings, may not always be appropriate to the exercise.) 
A suggested allotment of marks for the above requirements, out of 
a maximum of 10, is:—(i) 4; (ii) 2; (iii) 2; (iv) 2. The marking of 
diagrams ‘is likely to be inconsistent unless some such standatd is 
applied. . a 

The drawing of an apparatus showing the preparation of carbon 
dioxide and its passage into lime-water may serve as an example. 
(1) Unless the teacher specially asks for one or the other, it is not 
a matter of consequence whether the vessel shown is a test-tube, a 


G 


LI 
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rapudibottomed dad: a sRat-bottened flask, a conical flask or a 
Wolfe bottle; nor whether the lime*water is shown in a test-tübe or 
* some other,small container. (2) Errors in proportion include (a) tubes 
too wide, or (5) too long; (c) sides of conical flasks with exaggerated 
slope; (d) bottle necks too short dr tod long. A question to be asked 
of a pupil who provides a diagram showing apparatus out of propor- 
tion is ‘Would you expect to buy an apparatus that looks like this?" 
The following are examples of twenty-minute exercises :— 
Jl. Draw and label diagrams of the following:— 


(a) a water suction pump; 
(b) a water manometer; 
(c) a water wheel (any type). 


2. Draw and label diagrams of the following:— 


(a) 3 stages in the germination of a bean; 
(5) 3 stages in the germination of maize; 
(c) how a mangrove tree reproduces itself. 


3. Draw and label diagrams of the following :— 


^(a) an inclined plane, with movable load, scale-pan and 
weights; 
e (b)a wheel and axle with weights; 
(c) a differential pulley system. 


Examples requiring the correction, if necessary, of diagrams pro- 
vided by the teacher are shown later (see "Ability to analyse’, page 156). 


(4) Numerical tests — Testgcan be designed to give a quick review of 
"physical facts, in so far as these provide data for simple calculations. 
In such tests the arithmetic required should be reduced to a mini- 
mum, for it is the knowledge of, and ability to apply, physical laws 
which are the real subjects of investigation. A sample list of ten such 
questions follows. They are &ppropriate for a General Science class 
in its third year. : ; 

1. Six volts applied to an electric circuit gave a current of 2 amps. 
What was the resistance in the circuit? 

2. Express 55° C. in ? F, 

3. If a certain current deposits 1 g. of silver from a solution in 


c 
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15 minutes, how much silver would be deposited by: & current twice 
as great in one hour? » ct 

4. If a sample of gas occupies 120 c.c. at 27° C., how many c.c. will 
it occupy at 127° C. and the same pressure? 

5. On a day when the atmospheric pressure is 15 Ib. per sq. iz. á 
fully extended bicycle-pump piston is pushed half-way dewn the barrel 
before air enters the tyre. What is the pressure of air in the tyre? 

6. If a weight of 2 ounces extends a 10-inch spring by 0:8 inch, how 
long will the spring be when a weight of 1 Ib. is hung from the end? 

7. A light (A), placed 10 feet from a wall, illumines it as effectively 
as another light (B), placed 5 feet from the wall. How many times 
brighter is A than B? 

8. A strip of brass, 20 cm. long, is fastened rigidly at one end. It is 
then plucked and gives out a certain note. How long must the strip 
be to give a note two octaves higher? 

9. Where must a weight of 60 g. be put, on a weightless lever, in 
order to balance another weight of 40 g. placed 10 cm. from the 
fulerum? G 
© 10, A pendulum (A) makes a complete vibration in 0*5 sec. A pen- 
dulum &) makes a complete vibration in 2:0 secs. How many times 


longer is B than A? 


(bi 


(à) : 
FIGURE 19.— Diagrams for correction (page 156, section (5), No. 1) 


(a) An apparatus for the preparation of carbon dioxide 
(b) A force pump 


t 
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(3) Testing ability to analyse — The following is a selection of 
exdmples designed to test, analytical reasoning :— 
1. Correct the following diagrams: (see Figure 19, page 155). 
2. Two elegtric lamps and two switches are connected up as fol- 
> * lows: (see Figure 20). : , 


FIGURE 20.—Lamps in circuit: a switch-closing problem 


What lamp or lamps light up if— 

(a) The switch A is closed? 

(b) The switch B is closed? 

(c) Both switches are closed at the same time? 

3. The soil around your home is poor and you obtain some good 
soil from elsewhere to make a small garden 6 feet square. 1s it more 
profitable (a) to put the good soil on the top, leaving the poor soil 
utuderneath; or (b) to mix the good and poor soils together? How 
would you find out? 

4. A girl had a plant growing in a pot. It had white flowers, but she 
wanted to have titem yellow. So she took yellow paint from her water- 
colour i;ox and mixed it with water drawn from a well. Each day she 
poured. some of the yellcw liquid into the pot, but the flowers re- 

“mained white. Which of the following statements help to explain why 
her efforts failed? ; 

(a) Water is a colourless liquid. i 

(b) Well-water contains air and salts in solution. 


, (e) The yellow paint is a mixture: the tiny particles of solid are not 
dissolved in the water. f 


(4) All living things require water. 
(e) The roots of plants take in only dissolved substances. 


2: J) A plant makes its own colours from substances in the air and 
the soil. 


u G 
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(g) The roots of plants vary greatly. An 


(h) Ih hot countries plants usually require a lot of water. e 

5. As the affinity for oxygen increases; metals more readily displace 
hydrogen from water. The series of metals, A, B, C, D, is in order of 
decreasing ability to displace hydrogén from water. Which metal ias 
the greatest affinity for oxygen? p 

6. Two liquids A and B are put in basins in the sun. The basins are 
of the same size and shape, and there is the same amount of liquid 
in each. B dries up later than A. Which has the higher boiling 
point? 

7. An observer notices that he is standing in a straight line with two 
distant trees. As he walks off (in a direction roughly at right-angles to 
this line), he sees that one tree (A) appears to move forward a little 
with him, whereas the other (B) seems to fall behind at once. Which 
tree is the nearer to him? 

8. There are four samples of soil labelled A, B, C and D. A comes 
from a region of sufficient rainfall and is known to be good soil. B 
comes from a region of sufficient rainfall but is knowa to be poor soil. 
C and D,come from very dry regions. Each of the four is shaken up 
with water and the mixture allowed to settle. Samples A and C take 
longer to settle than the other two. Which soil comes from the region 
most likely to benefit by irrigation? 

9. A number of cardboard cases of thermometers are coloured 
either red, blue, yellow or green. The thermometers are able to 


measure temperatures within the following ranges:— : 
c 
— 10° C. to 110° C. (red) 0° F. to 260° F. (blue) 
— 20? F. to 50° F. (green) — ]0? F. to 200° F. (greén) 
0° F. to 50? F. (green) 30° €. to 300° C. (yellów) 


12° F. to 250° F. (blu) 4 — 0? F. to 220° F. (blue) 
50° C. to 120° C. (yellow) 


During a lesson some pupils are required to check (a) the boiling 
point of water; others to check (b) the freezing point of water; ánd 
others again to check (c) both the boiling and freezing points of 
water. In the table below put crosses in the spaces against each colour 
to sbow whether the thermometers in the cases of that colour are 
suitable for checking (a) and/or (b) and/or (c). (One line has been 
filled in.) 
M 
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v " ( , (5) (c) 
2 Colour > | BP. | F.Pt. Both 
6 » eek ade ANT yt x I$ 
Red or ELM x x 
DJ S Blue 1 s AE ) ) 
Yellow . | 


Green. | 


10. The reaction of certain metals is described as follows:— 


Magnesium—with steam forms hydrogen and magnesium oxide. 


Sodium  —reacts fiercely with cold water to give hydrogen anda 
solution of caustic soda. 

Copper — —has no reaction with water or steam. 

Calcium — —reacts slowly with cold water to give hydrogen and 
lime-water. 


Arrange these four facts in logical order. 

11. In one kind of flower the ripe pollen and the sticky stigma may 
appear at the sarlle time, or the pollen may ripen before the stigma 
becomes sticky, or the stigma may perish before the poller» ripens. 
Which condition or conditions make self-pollination difficult? 

12. A manufacturer may advertise his goods by claiming :— 

(a) We have three thousand satisfied customers. 

(5) In the supply of these goods we have no competitors. 

(c) Two hundred doctors recommend our products. 

(d) We guarantee to return your money if you are not satisfied 
with our goods.” 

To which claim would you pay most attention and why? 

ð 


"(6) Tests for ability to propose hypotheses * — The following types of 
question can be devised :— 3 
_ 1. Certain flowering plants do not ‘set’ seeds when their flowers are 
Covered with thin cotton gauze, The same flowers, left untouched, do 
set” seeds. What possible reasons can you give for the differences in 
behaviour? : 
2. Make a list (a) of living creatures that run away when frightened 
* Tests of the short-answer, logical selection type, provide a means of estimating 


this ability. (Note: If two hypotheses can explain a fact, the scientist assumes that 
the simpler is more likely to be correct.) 
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and a list (b) of living creaturgs that keep still when frightened. 
Against each creature put adjectives describing it, for example ‘big’, 
‘small’, ‘fast’, ‘slow’, ‘striped’, ‘spotted’, its colour, and so on. Tifen 
look through each list to find any particular characteristic common 
to all the creatures named in it, giving the clue as to why they beffave ^ * 
as they do. What are these common characteristics? 

3. The sun at noon is farther to the north at certain seasons of the 
year than at others. This is because the earth's axis is not at right- 
angles to the plane of its orbit. The moon at its highest in the heavegs 
is sometimes even farther north than the sun. Suggest a reason for 
this. 

4. For what reasons might a teacher of science decide to keep a 
substance in a bottle locked away in a cupboard? 


(7) Testing ability to interpret evidence — The following is a selection 
of suitable examples :— y 

l. Plants and trees are provided with tubes (vascular bundles) 
through which fluids flow up and down the plant from soil to leaves 
and from leaves to roots. If you make a cut around the outside ofa 
palm-tree and remove a layer of material, the plant will probably 
survive, but if you do the same thing with other trees (‘ring’ them) 
they will die. What does this show about the position of these "tubes' 
in palms and other trees? ; 

2. If you went to a certain country and found there many plants 
with thick shiny leaves, what sort of climate would you expect the 
country to have? * 

3. If you hold a large open-ended tube vertically in a Wessel of 
water, so that it is partly in and partly opt of the water, tben the 
water level inside and outside the tube is the same. People say "Water* 
finds its own level’. But if the tube is a narrow one, the levels inside 
and outside the tube are not the same. Does this mean that ‘water 
does not find its own level’? : 

4. A certain white salt has glassy crystals which often show white, 
powdery patches. Wken heated it releases much water of crystalliza- 
tion. When treated with dilute acid it fizzes and gives off carbon 
dioxide. The salt seems plentiful and cheap. What is it likely to be? 

5. A dark purple (almost black) solid, in small flakes, turns to à 
deep purple when heated. What is it? 
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6. A boy cut his knee and put tincture of iodine on the cut. Later 
hetaw that his white trousers showed a blue patch where the iodine 
had touched it. Why did this'colour appear? » 

7. A careless cook, at work in his kitchen, spilled some vinegar into 

^"ün ópen tin containing a white powder. The solid fizzed up. What 

were the probable contents of the tin? For what purpose might the 
powder have been intended? 


(8) Tests for ability to generalize and draw conclusions — Questions of 
the following type help to provide the required information:— 

1. On the advertisement attached to a camera film the following 
times for exposure are placed against corresponding sizes of aper- 
tures;— 


Lens aperture . T . f/16 f/1l f/8 f/5.6 f/4 
4 1 1 ot 
5 


Exposure time in secs. 3 vs T6 roo 


(a) Which is the larger aperture, f/16 or f/42 

(b) How many*times bigger or smaller in area is f/4 than f/8? 

2. The following facts were noted during one week by the pupils of 
a cerjain school:— 


Maximum day temperature Rainfall 
Py 88°F.. Y : ` D . nil 
Se E. . 5 ; ` ; "enl 
91^ E. ; è y f . 102in. 
" 899 RF. . : ^ : ; . trace 
25) c . $ 5 . nil 
93*F, * 7 f c ? « | 1°85 in. 


LJ 
What general conclusion is suggested by these figures? 

93 IB à person has nothing but carbon dioxide to breathe he dies of 
suffocation. To restore normal bréathing to a person suffering from 
electric shock he may be made to breathe air which contaias a little 
extra carbon dioxide. I8 carbon dioxide poisonous? Give the reason 
for your answer. , 

4. The followi e ies: 

: “ne tollowing are some properties*of four metals:— 
(A)—Heavy, conducts heat and electricity, forms an oxide which is 
insoluble in water, reacts very slowly with water. 

(B)—Heavy, very good conductor of electricity, forms oxides which 
are insoluble in water, has no reaction with water. 


[4 V [7 
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(C)—Light, forms an oxide which is very soluble inf water, has a 
violent reaction with cold water? à 3 
(D)—Light, conducts, electricity, forms an oxide which is fairly * 
soluble in water, reacts moderately with cold water. , 

Examine,the descriptions and an$wer the following questionse—°=— 

(a) Are coins likely to conduct electricity? f 

(b) The oxide of a certain metal is insoluble in water. Is the metal 
likely to react vigorously with water? 

(c) If you want a good conductor of electricity will you choose a 
heavy or a light metal? F 

(d) A metal reacts violently with water. What other properties is 
it likely to possess? 

(e) Are oxides of lead likely to dissolve in water? 

5. In what way does a screw jack resemble an inclined plane? 

6. Why are whales classed as mammals? What characteristics, 
usually associated with mammals, do they lack? 


ch 
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(9) Tests for ability to apply scientific principles —The following are 
typicalexamples :— i 
1. A table gives the following data:— 2 


When the pressure is 780 mm. of mercury the B. Pt. of water is 100-7° C. 
» Timm s SEED C. e 
» 760 mm. d SEE ro ra ESTO" €. 


» » » 


What is the boiling point of water likely to be when the pressure is 
765 mm. of mercury? 
2. When a stone is swung round on the end of a piece of string, it 
tends to fly outwards from the hand that,holds the string. When a 
train goes round a curved track, which rail gets the most wear? — « 
3. A row of four spring balance$ ies along a bench, the top ring of 
one fastened to the hook of the next, and so on. The first and last are 
then pulled apart so that they all begin to strétch. When the first one 
shows a pull of 1 Ib., what are the "weights" registered by the secend, 


third and fourth balgnces? * i A 
4. When is a leaf likely to contain most starch: in early morning or 


© 


late, afternoon? 
5. A long plank of wood is carried o 
better for each to be at his own end of 


n the heads of two men. Is it 
the plank, or for each to be, 


N 


162 a TEACHING OF GENERAL SCIENCE 
, 


> 

say, 2 feet fron his respective end,/or to be, say, 4 feet from his 

5. end? T s 

' G Three,hills, A, B and C, are such that A js higher than B, and 
B is higher than C. The pipe leading water from the top of A to the 

p af C passes over the top of B? Would the pressure at the top of C 
be any different if the hill B were removed? 

7. Of two bottles the larger is twice as big in every direction as the 
smaller one. How many small bottles of liquid will it take to fill the 
large bottle? 

BA person who wanted to cool a cup of hot liquid tried various 
ways :— 

(a) He blew over it. 

(5) He put a spoon in it so that the handle stuck out of the liquid. 

(c) He rubbed the outside of the cup quickly. 

(4) He tied a piece of cloth around it. 

(e) He poured it out into the saucer. 

(f) He kept pouring the liquid from one cup to another. 

(g) He put it on a wooden stand. 

Which method was most likely to be successful? : 

9. [To follow a lesson on resonance] Engraved on a brass plate 
fixed in the engine room of a large ship is the inscription ‘Engines 
Dot to be run at speeds between 52 and 63 revolutions per minute.’ 
What might be the reason for this warning? 

10. Five different liquids have the following densities: (A) 1-3; (B) 
0:7: (C) 1-12; (D) 1-05; (E) 0:82 g./c.c. respectively. An insoluble 
object has a density of 1-08 8./c.c. In which liquids will it sink? 

11. When an object is weighed suspended in water it appears to 
weigh less than when it is freely suspended in air. What would you 
sprefer to call the difference in weight: ‘loss in weight" or *upward 
thrust? Why? a 

12. If you could first weigh an object suspended in air, snd then 
weigh it suspended in # vacuum, would you expect to find any dif- 
ference in weight? Why? - 

13. In order to extinguish a big blaze, a boy blew on it as he would 
do to extinguish a lighted match. Was this a useful method? Why? 

14. Is there any common knowledge supplying evidence to suggest 
that hot air has a different refractive index from cold air? 

15. When attempting to make a fire of sticks, some people will not 


t : e 
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allow sunlight to fall on the seeks. They say that sunlight puts P 
a fire? Is there any truth in this? Why? j 

16. Before putting a cutting into theground in the hope ¢hat it may ' 
take root, some gardeners cut off all the leaves. Does this serve an 
useful purpose? EAT I E o & 

17. Suppose someone gives you a glass of water which he says is 
good to drink. What tests, other than those requiring laboratory 
apparatus and chemicals, could you apply to find out whether his 
statement is likely to be true? t 

18. A person who often buys meat at a market always wraps it in 
a wet cloth before he brings it home. Why is this a good habit? 

19. Which is the best of local methods of storing grain, and 
why? 

20. There are places where the feathers are plucked out of live fowls 
in order, it is said, to make them lay more eggs. Is this practice likely 
to be successful? 

21. Is an iron roof better or worse than an asbestos oné as a pro- 
tection against lightning? Why? e 


+ 


(10) Tests requiring ability to plan experiments —The following are 
examples ;— 

1. How could you find out which of a number of people has the 
most acute sense of hearing? e 

2. How could you find out which local tree provides the best 
firewood? 

3. Suggest how you could discover which keeps fresh for a longer 
time, boiled local milk or tinned milk diluted with distilledswater. 

4. What records would you need to keep, and how would you 
arrange the inquiry, if you wished to find out what difference it made- 
to the laying ability of local hensto give them (a) a small amount of 
grain daily, (b) broken sea-shells occasionally? ; 

5. Describe how you would find out which of two kinds of seeds 
contained the most moisture. 1 Md 

6. How would yoy find out which trees provide the best timber for 
posts for fences? $ 4 

7. How could you find out which of the various oils available (in- 
cluding car engine oil) is the best lubricant to use between wooden 


surfaces? 
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iia an experiment to show Which of a number of liquids 
pouts most easily. é j 

9, How qould you find out whether it is better to water pot plants 
in the morning or in the evening? 

==” 10» Suppose you are given two Wires, made of different metals, one 

twice as thick' as the other. How could you find out which metal 
conducts an electric current the more readily? 

11. Two tubes have the same length (about 6 inches), but one has 
an area of cross-section twice that of the other. What method do you 
suggest for finding out how much faster water flows through one than 
the other? How would you find out whether a change of temperature, 
or an alteration in the ‘head’ of water, makes any difference? 

E 12. How would you find out whether all drops have the same 
size? 

13. Do the leaves of plants become green when only coloured light 
falls upon them? How would you arrange an experiment to confirm 
your answer? 

14. Suppose a friend says that his thermometer does not rcgister 
the correct temperature. If you have a thermometer of known 
accuracy, how can you prepare for him a chart giving the correct 
temperatures corresponding to readings of his thermometer? 

15. How could you compare the brightness of a 3-cell electric torch 
with that of one containing 2 cells? 

16. You have a balance made to weigh up to 200 g. only. You are 
given a packet of large sheets of paper—about 500, all of the same 
sort and size. How will you obtain an accurate value for the weight 
of a single sheet? 

` ? 
ə 
A specimen examination paper a 


The following is an examination paper, consisting of different types 
SEON question, which might well follow a project on ‘magnetism’ :— 
1. Fill in the blanks in the following :— à 


(a) A freely suspended magnet points to the,....... poles. The 
earth's north pole is now situated in ....... The angle between true 
north and tiny a north is called the ....... In this school the 
dangles ei ja Pee ie A 


if (5) Permanent magnets are made of 


a o 
€ 


EVALUATING THE RESULTS OF SCIENCE TEACHING 165 
[ U 


(c) The rule that describes the reaction between magnetic poles is: 


Geog *. poles attract, ....... poles....... 
(d) If one end of an iron nail is held against the north-seeking ead ; 
of a magnet, the other end of the nail is ....,. .-seeking. 


2. Cross eut words or phrases fróm each group so that a correct-— 
statement remains :— ` 
will : RA papsi 
(a) A magnete MI an iron nail if a sheet of. copper 
iron 
is placed between them. 
(b) If a magnet rests on a cork floating freely in water, at a place 
move northwards 
in the northern hemisphere, the magnet tends to4 move southwards 
stay where it is 
attracts 


jue south pole of the 
repels 


because the north magnetic pote{ 
as much as i 
magnet 
E 


more than >it {iva pote north, [: 
less than repels 
3. Draw and label diagrams of the following:— 
(a) A pair of bar magnets with their keepers. 
(b) An arrangement showing how a magnetic compass can be used 
to compare the strength of two magnets. ie 
(c) An arrangement showing how a magnetic compass can be used 
to detect an electric current. s 
(d) The direction of the lines of magnetic force when two bar mag- 
nets are placed near to one another, side by side, with their nofth ends 
pointing in the same direction. G e 
4. On the accompanying diagram (see Figure 21) of an electric bell, e 
label the parts, show how the electric wires are connected, and indi- 
cate withcarrows the route taken by the current. 
5. (a) Describe two different methods of furning a steel knitting — « 
needle intó a magnet. 2 4 s 
(b) How could the needle*be made to lose its magnetism? 
(c) Describe a theory that might explain why the methods of 
magnetizing and de-magnetizing are successful. 
6. Given a reel of D.C.C.! copper wire, a dry battery and some iron 


1 Double cotton-covered. 


€ 


FIGURE 21.—A diagram for completion: to insert the wiring of 
an electric bell (see example 4 on page 165) 


nails, describe how you could send messages in morse from one class- 
room to ànother. What odds and ends would you suggest might be 
obtained to improve the efficiency of the apparatus, and how would 
you arrange them? c 

7. Imagine a world where there is no such thing as magnetism. 
How would it differ from ours? 


ə 
Some ‘practical’ tests 


Any of the usual laboratory experiments may occasionally be used 


as tests, but it js often useful to examine practical work by other 
methods. 


LJ] 

o (1) Tests of skill in measul'ing and reading scales and verniers — From 
time to time a test such as the féllowing provides a necessary and 
welcome change. A collection of various devices is arranged around 
the laboratory and numbered in Sequence, there being as many pieces 
of apparatus as there are members of the class (in this example 24 
pupils). Each pupil provides himself with a sheet or strip of exercise 
paper, the lines being numbered from 1 to 24, Each pupil is given a 
different number, and begins with the experiment of the same num- 
ber. Each takes his reading or makes his experiment and records the 
result against that same number on his paper. At a word of command 


G 
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from the teacher, each pupil miyes to the apparatus with the next 
(higher) number, the pupil performing experiment 24 moving to 
experiment number 1. Jt is important that all pupils should: move on 
to their next experiments at the same time, ptherwisecunnecessary 
confusion results. A suggested cóllection of experiments is? a= 
follows:— ; 1 


Expt. 1. Find the length of 15 centimetres in inches. (Two rulers are 
provided.) : 

Expt. 2. Find the circumference of the given glass tube by windin 
a piece of cotton thread 30 times around it and measur- 
ing the length of the thread used. 

Expt. 3. Read the water level in the burette provided. 

Expt. 4. Read the water levelin the graduated glass cylinder (200 ml.) 
provided. 

Expt. 5. Read the model vernier (graduated in inches). The vernier 
must not be touched. 

Expt. 6. Read the centigrade thermometer resting on the bench. 

Expt^-2. Record the weight of the object suspended from the (100 g.) 
spring balance. 2 

Expt. 8. Use the hydrometer (1-000-1-200) to find the density of the 
liquid in the glass cylinder. 

Expt. 9. Estimate the thickness of the given wire using the micró- 
meter screw gauge. | 

Expt. 10. Measure the length of the curved line, drawn on the sheet 
of paper fastened to the bench, by rolling a coin along it. 

Expt. 11. Measure the internal and external diameters of thé large 
glass tube provided, using ordipary (or vernier) callipers. 

Expt. 12. Use the magnetic compass to determine the direction of the 
line drawn on the bench. j 

Expt. 13.«As No. 1. Find the length of 9:55 inches in centimetres. 

Expt. 14. As No. 2. (A tube of different diameter is provided.) 

Expt. 15. As No. 3. (A burette containing a different quantity of 
water is provided.) 

Expt. 16. As No. 4. (A 10-ml. cylinder is provided.) i i 

Expt. 17. As No. 5. (A different vernier, graduated in centimetres, is 
provided.) 

Expt. 18. Read the Fahrenheit thermometer resting on the bench. 
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pt. 19. Record the weight of the Joiect suspended from the spring 
balance (graduated in pounds and ounces). 

Eapt. 20. «As No. 8. (A liquidssuited to a hydrometer graduated from 
4):800-1-000 is provided.) 

Exh. 21. As No. 9. (A wire of a'diffetent thickness, or a piece of thin 

Sheet metal, is provided.) 

Expt. 22. As No. 10. (A line of different length is given.) 

Expt. 23. As No. 11. (A tube of different diameter is provided.) 

Expt. 24. As No. 12. (The line is drawn in a different direction.) 


The answer required in each of the above instances is a number, but 
pupils must understand that it is essential to give also the unit of 
measurement. The class should be clearly instructed that no credit 
will be given where the unit of measurement is not stated. At least 
12 such experiments can be performed by each pupil during a double 
lesson-period of 80 minutes. The teacher should have a sheet of paper, 
identical with that used by the pupils, showing the limits within which 
answers should lig. This ‘key’ might read, for example :— 


Expt. 1. 5-85 to 5-95 inches 
Exp». 2. 1:38 to 1-48 centimetres 
Expt. 3. 22:20 to 22-30 ml. 
Expt. 4. 123:3 to 123-7 ml., etc. 


The teacher can then lay his *key' side by side with each of the pupils" 
lists in turn, so that marking of answers can be done in the mini- 
mum time. He càn then help individuals, or groups, who have made 
mistakés. 

` ? 

2) Other exercises and tests of manipulative skill — Manipulative skill 
is brought into play every time a pupil carries out an experiment. 
Within any course there are experiments of widely varying degrees 
of difficulty. Dissections carried out in biology classes are usually far 
gredter tests of manipulative skill than the handling of most pieces 
of physical or chemical apparatus. Cofisequently greater credit can 
be given for a neat dissection than for an estimation of density. 
Titrations call for more skill and judgement than, for example,.the 
preparation of oxygen. 

Tests of immediate value can be set deliberately. For example :— 


g 
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1, Take an ordinary cork and \joften it by pressing or rolling. Bore 
a hole (of given diameter) through the centre. x 

2. Take a piece of glass tubing: cut it to suitable length, bend it«to 
provide a duplicate of the sample bent tube provided, and smooth off 
the sharp ends in a flame. $ e a 

3. Blow a small bulb on the end of a piece of glass tubing. 

4. Seal off, neatly, a piece of glass tubing to provide a specimen 
tube (or an ignition tube, or a tube suitable for finding the melting 
point of small quantities of a substance of low melting point). — 

5. Take a piece of glass tubing and draw it out to form a capillary 
tube. 

6. Set up an apparatus to demonstrate the expansion of a metal 
rod. The iron rod of a retort stand, some blocks of wood, a needle 
and a straw (or the spine of a palm frond), are provided. 

7. Arrange a set of four single pulleys to give a pulley system with 
a mechanical advantage of 8. 3 

8. Given a ruler, a triangular file and a known weight (say 20 grams), 
find the weight of any symmetrical object (say fror 15 to 50 grams). 

Y- reld a filter paper so that it opens like a fan and can be used in 
a funnel for rapid filtration. 5 

10. Measure out 80 grams of some dry powder such as calcium car- 
bonate, and place it on a sheet of paper. By successive division into 
halves, using a spatula or a ruler edge only, prepare 16 heaps or 
approximately 5 grams each. Place each heap on a filter paper and 
find, by weighing, which is the heaviest and which the lightest heap, 
and also the difference in weight. (This method of weighing out small 
quantities of powders is used by pharmacists.) 4 

Certain tests have entertainment as well gs instructional valye. The 
following suggestions will help teachers :— 

1. Parts from constructional toy sets are supplied with the neces- 
sary instractions for making a simple model. Pupils, in turn, attempt 
the construction of the model and are timed to see how long they take 
to complete it. 6 : 

2. The following can be provided: lengths of double-cotton-covered 
copper wire, a plug key or tapping key, a variable resistance, an accu- 
mulator, and an ammeter. Pupils are timed to find out how long they 
take to wire up the parts to produce a steady current of, say, half an 


ampere, in the circuit. 
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.An electric lamp holder is prav3led. Pupils are timed to find out 
how long they need to take it completely to bits and reassemble it. 
4. A busette is partly filled with ink. A pupil is required to make a 
pattern of single drops, say ten drops to make three sides of a square, 
Hn white tile. dura ° 
5. Pupils aře asked to pour one drop of liquid from a bottle into 
a test-tube. (With the aid of the stopper, the edges of the neck of the 
bottle should first be wetted by the liquid.) 
.6. A bar magnet is to be suspended from cotton loops (see Figure 
73, page 260). 
7. A smooth brass sphere, or a table-tennis ball, must be hung up 
using cotton thread only. 
8. A pin is to be held in the fingers and placed gently on the surface 
of a bowl of water so that it remains floating. 
9. Pupils are asked to pour a liquid into a burette so that, without 
further adjustment, the level reads a certain figure (say 25-65 ml.). 
10. By 'means of a piece of glass tubing pupils must lead out un- 
burnt gas from tke centre of a smoky bunsen flame. The gas is then 
to be lit at the upper end of the tube. From this second flet; by 
means of another and smaller tube, unburnt gas is again to be led 
off and set alight. An attempt should be made to repeat the experi- 
ment through one more stage using a very short and narrow tube. 


(3) Tests for observation and memory— The following are simple 
examples :— 

1. A suitable Apparatus is set up, and covered with a large cloth. 
The cldth is removed and pupils are given one minute in which to 
look at it. The apparatug is then covered over again and they are 

? given fifteen minutes in which to make an accurate drawing of the 
apparatus from memory. s 

2. Thirty items of laboratory equipment, ranging from zeclip to a 
bottle of stain, are placed on a tray and covered with a cloth. The 
cloth is removed and the objects are exposed to view for two minutes. 
At the end of that time the cloth is feplaced, and the pupils are 
required to write down the names of as many objects as they can 
remember having seen on the tray. 

3. Each pupil is given a flowering plant (or part of the plant with 
flower or fruit), and is allowed two minutes in' which to examine it: 


a 


0 
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At the end of that time the speci nen is put out of sight; and the pupil 
is required to write any ten facts about it. (It saves time in checkiüg 
the answers if the facts are listed in a definite order, for example: 
family type, the flower and its structure, the leaves and their struc- 
ture, the fryit, etc.) a . 4 o | Ger 


Specimen questions on local lore 


The enthusiastic teacher can compile an almost inexhaustible list of 
‘scientific’ questions concerning local materials, customs and beliefs. 
In fact man’s ignorance is so great that there is endless scope for 
observation and research at every level. Questions such as the follow- 
ing often inspire pupils to find things out for themselves :— e 
1, What kinds of wood, used for making furniture in your neigh- 
bourhood, are not attacked by white ants (termites)? 
2. Where is your nearest supply of good drinking water? 
3. How far from your school is the nearest field or farm where 
plants of a ‘pea’ variety are grown for food? — 
“Where, near school, can you hear an echo? 
5. In which direction (from here) do you look 'due south'? 
6. Is the sun at noon (today) to the north or the south? 
7. How can the pitch of a note given out by a drum be raised? 
8. Of what material are the bellows used by local craftsmen made? 
How do the bellows work? 
9. From what local plant can you get yellow dye? e 
10. At what time of the year do you see a certain (named) migrant 
bird? 
11. At what time of the year do the flowers of a certain (named) 
plant appear? M. 
12. When do you expect to see Orion overhead in the early evening? 
13. At about what time does the new moon set? 
14. At what time of the day is the tide highest on your coast? . 
15. Froin where does your local Q 
(a) blacksmith get his iron? 
(5) brassworker get his brass? 
(c) builder get his lime? 
16. With what are your cushions and pillows stuffed, and where 
does the material come from? e 
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17. With what do local firewood gutters tie up their bundles? 
"$8. Where can you see charcoal being made, and how is the process 
carried out? o 
19. During, what month would you start to raise seedlings of a 
zxwertain (named) plant? 
20. How far must you go to see a water lily (lotus) growing? 
21. What local bird lays its eggs upon the ground? 
22. What is the length of the longest lizard or monitor in your 
neighbourhood? 
23. List the names of local poisonous snakes and give a brief 
description of each. 
24. Imitate the calls of (named) birds. 
25. What weather can you expect when the school sports are held 
in November (or other named month)? 
26. What is the nearest source of cooking salt? 
27. What material is used for making local roads, and where is it 
obtained? 
28. What kinds.of timber are used in building your school? 
29. What local measures are in use? Give their values in terzis f 
grams and cubic centimetres. 
30: How is soap made locally? 
31. How are the latrines for village schools constructed? 
“32. What is used locally for making bread ‘rise’? 


D 


d (Pre 
The use of ‘quiz’ cards 


Mention, has been made (page 134) of the use of *quiz' cards. The 
specimens given in Figure 22 and Appendix D.II, page 304, contain 
«questions covering the whole field of General Science. Similar selec- 
tions may, of course, be made to Cover a more restricted field. 
A rather different type of *quiz' card can be made by mounting 
, various seeds, leaves, etë., on cardboard. The items are numbered and 
the pupil is asked to write on a piece of paper the names of the plants 
from which they come. The selected seeds and leaves should be from 
very common plants, including cultivated plants and shrubs grown in 
the school compound, as well as those produced by crops of econo- 
mic value, like sweet potatoes, cassava, cow pea, etc. Seeds may be 
put in small cellophane bags, and sewn to the card, or fastened on 


ð 
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@ 
with transparent adhesive tape. Examples of the commonest edible 


@ 
9 


seeds, maize or other cereal, local beans, ground nuts, rice, or what- 


ever is appropriate to the neighbourhood, should be included. 


@ 


Another variation of the same idea is to prepare one er two racks 
with numbeted fest-tubes, each containing a different chemical. The 


‘QUIZ’ CARD I 
I. How far away is the sun? 


2. Name an Italian scientist famous for his 
connexion with the invention of the 
telescope. 


3, These are the jumbled letters of the 
name of a famous chemist: T, A, L, O, 
N, D. What is his name? 


4, How does a whale resemble a rabbit? 


5. What symbol is used by electricians to | 
indicate a transformer? 


6. Who discovered sodium? 


Answers to ‘Quiz’ | 
92,000,000 miles 


Galileo 


Dalton 
Both are mammals 


(See Figure 16, page 125) 
Sir Humphrey Davy 


7. What. is the chemical formula for | e 
<. common salt? | NaCl 
8. Who wrote a book called The Origin of | 
Species? | Charles Darwin = 
9. To what family does the sunflower | ) 
belong? Compositae 
10. Whose name is associated with a bottle 4 
iet Hi | Woulffe 


which has more than one neck? 


| f 


uiz’ card, with corresponding answer 
endix D.II; page 304) 


FIGURE 22.—Example of a science ‘qui 
card. (Further specimens are given in App! 

e 

pupil is asked to supply the name appropriate to the number. A row 
of test-tubes might contain the following: copper sulphate, iron sul- 


phate, crystals of iodine, potassium permanganate, mercuric oxide, 


sulphur, granulated zinc, granulated copper, naphthalene marbles, 
magnesium ribbon. An alternative selection may consist of the 


common elements in the form in which they are usually obtained 
for laboratory work.» , 


Thé reliability of marking 
If the laws of probability were exactly fulfilled the marks obtained by 


N 


/ 
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members of a class, plotted against the number of individuals obtain- 
ing each mark, would produce a symmetrical curve, a curve of distri- 
bation. Ibwould assume the shape shown in Figure 23. 
Supposing it were required to divide the members of a class into 
* n 


Number of pupils ——- 


o 
Marks (percentage ) ——>» 
FIGURE DISA theoretical distribution curve for a mark list py 


fivesgrades of ability, then it is theoretically probable that, among 
10 students, relative abilities would be: 1 very good, 2 good, 4 aver- 
age, 2 poor, 1 very poor. By proportion, out of a class of 30, the 
numbers in each of the five grades are likely to be three times as 
many, that is: 3 very good, 6 good, 12 average, 6 poor, 3 very poor. 


Marks (percentage) ——- 
FIGURE 24,.—A plot of actual class marks 
> 


A teacher is thus provided with a guide as to how to sort out his 
pupils into categories of varying ability. > 
It must be remembered, however, that these are mathematical 
' probabilities and the grades are relative, 


zwi 
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(a) If a class, by reason of very 
special selection, contains more in- 
telligent children than;the average, the* 
numbers in the grades may remain the 
same, but the appropriate description 
of each category may need to be 
changed to: 3 excellent, 6 very good, 
12 good, 6 average, 3 poor. 

(b) If the average ability of the 
class, for one reason or another, is 
low, then the appropriate description 
of each category may be: 3 good, 6 
average, 12 poor, 6 very poor, 3 very 
poor indeed. 

(c) In actual practice the marks 
obtained by a class are seldom’ 
grouped as exactly as the laws of 
probability would suggest, because the 
number of pupils is comparatively 
small. In these circumstances the 
teacher must exercise his own judge- 
ment. For instance, in a certain class 
the marks of the pupils, whose names 
were arranged alphabetically, were 41, 
56, 31, 54, 53, 42, 70, 57, 76, 39, 80, 
67, 56, 73, 44, 74, 49, 58, 60, 48, 64, 
76, 37, 51, 56, 53, 33, 66, 67, 48. 
Plotted on squared paper the fre- 
quency and distribution of the marks 
are seen to be as shown in Figure 24. 
Some teathers prefer to plot the fre- 
quency of occurrence of each mark 
against a simple list of numbers, as 
shown in Figure 25 

It is evident that the class may be 
arranged so that 5 pupils are in the 


FIGURE 25.—A method of analysis of a 
mark list 
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fitst group, 5 in the second, and »d in the third, with 7 remaining 
* for the last two groups. To divide the latter is somewhat arbitrary, 
but, remembering the theoretical expectation; the teacher is advised 
0 put 5 (or 4) in the fourth groug and 2 (or 3) in the fifth group. This 
divides themainto the ratio of approximately 2 : 1 as the theory would 
require. 

Faced with a list of marks, it is not an easy matter for the teacher 
to determine which marks correspond to the various groups, nor to 
ste whether the gap between two students, next to one another in 
order, is sufficiently large to justify placing them in different groups. 
The setting out of marks as shown above takes only a few minutes, 
and enables a teacher to allot students to their appropriate categories 
with confidence. When two or more parallel classes are to be con- 
sidered together, some such aid to reasonably accurate grouping is 
almost essential. 

When the marks of a class have been set out as shown above, vari- 
ous arrangements may become apparent. Nearly all the marks may 
be low and bunched together, or they may all be high and bunched 
together, or they may be widely spread. There is no rule about it, but 
in general, if the marks are all low, the questions have been too hard; 
if too high, the questions have been too easy. If the marks are reason- 
ably spread out the questions set may be taken as suited to the class. 

A pupil and his relatives are not usually able to judge the signifi- 
cance of a percentage mark. A low percentage mark gained in a hard 
test may be as creditable as a high mark gained in an easy $t. It is for 
this regson that many schools avoid making final pronouncements on 
a pupil’s work in terms of marks. Instead, the pupils are reported as 

, being ih one of the five groups already referred to. These are usually 
indicated by the letters A, B, C, DÐ and E. 
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CHAPTER IX « 
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Laboratories and their Equipment+ 
e 
The word ‘laboratory’ is generally applied to a large room in which 
a class carries out practical work. Other rooms are usually necessary 
if the science work of a school is to be efficiently organized. 

It is convenient to have a ‘preparation room’ for the assembly of 
apparatus to be used in a laboratory or a lecture room. Apparatus 
not in frequent use, or which has been specially fitted up for an 
unfinished experiment, can be kept here. A laboratory assistant, or 
a teacher using a non-teaching period to get ready for his next 
lesson, can work in a preparation room without occupying space in a 
laboratory or disturbing a class in session. In the preparation room 
may be kept tools, glass tubing and glass rod in current use, nails 
and screws, stirrups and terminals, wire, soldering equipment, a foot- 
operated blow-pipe for working glass, and the junk which every 
science teacher with imagination contrives to collect. 

A ‘store room’ is used as its name implies. Here, permanently 
under lock and key, are kept the materials which are distributed to 
the other rooms as they are required. There is need for a store out- 
side the main building in which dangerous chemicals, concentrated 
acids, etc., can be kept (see Appendix E.I, page 331). A small 
separate store, for chemicals only, ensures that the general store is 
free from fumes, thus reducing the rate of corrosión of materials 
stored in it. E 

A ‘lecture room’ is usually arranged with a demonstration bench 
in front of a large blackboard. The pupils sit in seats arranged mS 
tiers, so. that all may look down upon the teacher’s demonstration 
bench on'which the experiments are performed. (A teacher's bench 
in a laboratory is usually too high for students to see apparatus 
placed flat upon it.) A ‘lecture room' should be provided with win- 
dow blinds so thatethe room may be darkened when required. 
Projection apparatus, with a permanent, or readily available, screen, 
is normally used in it. % 

A ‘dark room’, permanently darkened, but adequately ventilated, 
provided with shelves, sink, a dark room light, and an electric 
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supply socket, is useful for de-stajching plants, for using special 
physical instruments such as spectrometers, for carrying out 'simple 
experimeats on photometry, and for doing any photography which 


a science club may organize. 
. 


-— . 


Science rooms: arrangement and fittings 
Dimensions — The size of a laboratory is adequate if to the floor 
ayea occupied by benches, tables, cupboards and shelves is added 
25 to 30 sq. ft. for each pupil in the class. If the provision of pre- 
paration rooms is inadequate the size of a laboratory should be 
proportionately increased. 

A preparation room should cover about 200 sq. ft. 
- Store rooms should be not less than 16 feet by 12 feet to allow 
easy access to shelves and racks. A separate outside store may be 
smaller. 

A lecture room is usually not less than 400 sq. ft. in area and may 
with advantage b8 more. 

A dark room should be not less than 8 feet wide, so that two 
persons can work comfortably side by side at the sink. 


Arrangement — Where two laboratories are available for teaching 
Physics, chemistry and biology, it is better to use one for physics and 
biology, reserving the other for chemistry alone. The chemistry 
laboratory should be placed on the side of the school away from the 
prevailing wind* Where laboratories have to be accommodated in a 
two-stBrey block, the chemistry laboratory is usually on the upper 
floor, but problems of water and gas supply, drainage, etc., are 
? greatly simplified when it can be situated on the ground floor. One 
preparation room can readily be shared by two laboratories if it is 
placed between them and each has direct access to it. Doers should 

^ _ be arranged to permit entrance to a preparation room without passage 
through a laboratory where, a class may be at work. The apparatus 
needed in a lecture room must be brought to itfrom elsewhere, and 
the room should therefore be centrally placed with respect to the 
laboratories and preparation rooms, if it is to be used often enough 
to justify its existence. A hatchway leading to a preparation room, 
Opening near the demonstration bench, is sometimes provided. 
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Behind this hatch, on a wide skelf, can be arranged the materials 
which may be needed during the lesson and which would occupy 
too much space if kept on the bench throughout the lesson. * 


Windows —These should be providéd along two opposite sides 6f a ` 


laboratory. One set of windows should face the prevailing wind in 
order to give plenty of ventilation. A laboratory needs shelves, cup- 
boards, a long bench, a long blackboard, and wall-space for the 
display of pictures, charts and diagrams. If the wall space, of which 
there is never too much, is unduly cut up by windows, the arrange- 
ment of these fittings becomes one of increasing difficulty. An 
arrangement which yields light without loss of wall space is attained 
if the windows on one side are smaller but numerous, and have their 
sills about 5 feet 6 inches above the floor. All the wall space under 
such windows is clear. But on the opposite side most, if not all, of 
the windows should reach down to bench-top level. There should 
be no windows within several feet of the blackboard. It is better if 
there are none on the blackboard wall. The side with the larger 
windows should be towards the north in the northern hemisphere, 
and towards the south in the southern hemisphere. P 


Ventilation — Heat is required in carrying out many experiments. 
If the rooms are not adequately ventilated by a through draught} 
the conditions in the tropics on a hot day can be almost intolerable. 
Provided that they are not likely to be struck by driving rain during 
a storm, permanent louvres may be fitted above the windows, and 
doors may be similarly ventilated. o^ 

Fume chambers and a dark room may be ventilated by, ducts 
leading to one or more exhaust fans, which draw out the stale air 
and discharge it outside. 

Ideally,-rooms in the tropics should be surrounded by a verandah 
on all sides, but in any case a roof overhang of not less than 4 feet 
is desirable to keep the sun, at its hottest, from striking floors and 
vertical walls. A verandah is*also a protection against heavy storms 
and driving rain. 1 X 

Ventilation, like other topics in this chapter, 1s a matter for dis- 
cussion during lessons. As usual the teacher should begin with what is 
close to hand and may therefore take the ventilation of the laboratory 
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as his first example. Pupils may 5e asked to criticize the system 


, and to suggest possible improvements. (They should realize that in 


añ occupied room the air quickly becomes» saturated with water 
vapour due*to breathing and sweating, and that this makes the 


"^ room feel ‘glose’ or ‘stuffy’ long before there is any ‘shortage of 


oxygen and excess of carbon dioxide. They should also understand 
that expired air is less dense than ‘fresh’ air, even at the same tem- 
perature, because the lighter water vapour more than counterbalances 
the effect of the heavier carbon dioxide. Hence the warm, moist air is 
pushed upwards by the cooler, drier air, so that ventilation without 
a ‘draught’ is impossible. It is part of an architect’s work to design 
buildings so that the fresh air is diffused without causing uncom- 
fortable draughts. This may lead to a study of ‘air-conditioning’.) 


Water — Each area has its own problems regarding the provision of 
water. Methods that have been found suitable for large houses or 
boarding establishments can be used to provide water for labora- 
tories and preparation rooms. Whether the source of supply is rain- 
water, well-water, or a supply maintained by a local authority, a 
storage tank of not less than 1,000 gallons should be provided. 
There should be a draining plug in the bottom of the tank to facilitate 
Qccasional cleaning. There should be a head of water of at least 
10 feet. A tap in each room directly connected to a supply at a 
higher pressure is desirable. 

As far as possible, installation of iron pipes should be avoided, 
especially in any room used for physics. 


Space heating — Yt is unlikely that space heating will be required in 


s . “ps 
hot countries. But if it has to be supplied, then first consideration 


should be given to providing the most suitable arrangement for the 
laboratory furnishings, Space heating may be by hot-water"radiators, 
hotair ducts, or electrical units reflecting heat from the ceilings. 
Their position in a laboratory is of secondary importance. 


Heat supplies — Heating by gas is to be preferred on the grounds of 
both convenience and economy. Where a local supply of gas is»not 
obtainable a special petrol-gas installation is needed. Power for this 
may be supplied either by an electric motor, or by the movement 
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under gravity of a system of heavy weights, The latter are hung in a 


suitable vertical framework, and the weights raised from time to | 


time by a hand crank. Both types are effective, and require little 
attention. The petrol used is aviation spirit, for the supply of which 
special arranggments must usually be made. The manufacturers of 
petrol-gas equipment provide a specification of the petrol needed. 

The type of gas burner suitable for use with an ordinary coal-gas 
supply is not suitable for use with petrol-gas. This should be borne 
in mind when ordering laboratory equipment. The suppliers must he 
informed what kind of gas is to be used. ' 

Where mains electricity of 100 volts and upwards is available, 
certain items of equipment such as water baths, ovens, stills, aquarium 
aerators and klinostats, are more conveniently run by electricity 
than gas. 


Drainage — Except for the first down-drop from a sink, drains should 
not be of metal. Waste-pipes from sinks should not be provided with 
a trap, but should lead directly into open ducts, which in turn empty 
into open drains, of half-round section, placed just below floor level. 
The drains should be covered with wooden boards, flush with the 
floor and easily removable for inspection. The ducts leading from 
the sink waste-pipe to the drains may be of local damp-resisting 
wood, lined with lead and coated with bitumen. If the waste-pipe 
from the sink leads directly into a drain, so much the better. The 
drains may be made of glazed earthenware, of half-round section, 
or of cement. A fall of not less than 1 in 50 is desirable. 

Waste water from the science rooms should not be run into a 
septic tank. If it is not disposed of intotits own soak-away pit, it 
should be run only into a waste gystem carrying plenty of water, so“ 
that it is well diluted. 


Floors — From the point of view of comfort, acoustics and the possi- 
bilities of breaking glassware, a wooden floor is preferable. Its dis- 
advantages, however, usually make it impracticable: (a) it is expen- 
sive; (b) unless thoroughly ‘proofed’, it is liable to attack by termites, 
borers, etc.; (c) on an upper floor it must be completely water- 
proofed. A cement floor must therefore be recommended for the 
tropics, as it is free from these objections, and is more easily swept, 
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waghed down and kept in goed condition. (Wooden blocks, 
proof against damp and, termites, and laid on a cement base, 
prebably make the best floor,ebut this ideal is unattainable in most 
schools.) e d 
i . » . ` 

Artificial lighting (Electricity) — It is more economical and efficient 
to light a room, for example, by eight 100-watt electric bulbs rather 
than with four 200-watt lamps. A person working at a bench finds 
legs areas in shadow. For the sake of economy not more than two 
lights should be controlled by each switch, so that only those lights 
actually necessary are used, on a dull day, in the part of the room 
which is inadequately lit. A separate independent light should be 
fixed so that the blackboard is well illuminated. Lights should not 
hang from flexible wire, but should be fixed in batten holders fastened 
to walls or ceiling. 


Acoustics — Difficult hearing conditions do not usually arise when 
a class is present*in a well-furnished laboratory. They may often 
be remedied, when they do occur, by covering part of the wall- 
space with compressed fibre board, and by keeping the windows 
open. Open windows always provide a partial cure for poor acoustics 
and, in hot countries, will usually be needed for satisfactory 
ventilation. 


Exits — Each room, except the dark room, should have two doors, 
preferably one #t either end, opening outwards, so that in case of 
fire or" ather emergency those in the room may leave it without 


danger or confusion. Graye emergencies may never arise, but they 
*should be guarded against. 


Adaptation of existing Buildings for science teaching i 

Gootl teaching is of primary importance—There are laboratories 
where the layout is inconvenient and thé equipment inadequate, but 
the standard of teaching is high and the methods used are effective. 
There are laboratories where the layout is good and the equipment 
excellent, yet far too little use is made of the ayailable facilities. The 
teaching is uninspired and the students unresponsive. These facts 
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are not intended to commend the use of unsatisfactory premises or to 
condohe inadequate equipment. They are«mentioned to emphasize 
the relative importance of skilled teacking on the one hand and the 
generous provision of premises and equipment on the other. In 
ideal conditions good teaching is backed by good buildings “and 
equipment. 


Clearance of old fittings —It is usually possible, with ingenuity, to 
adapt old buildings, once used for other purposes, for use in teaching 
science. But the rooms should first be stripped of all their furnishings 
and the arrangement of the science equipment thought out unhin- 
dered by the existence of fixtures left by a previous user. 


First essentials —Earlier in this chapter the desirable features of 
rooms for science teaching have been described. The same standards 
should be kept in mind when adapting rooms not originally designed 
for that purpose, even though some compromise is usually inevitable. 
The basic essentials must first be decided upon‘ and obtained, if 
necessary, at the expense of less important, though desirable, items. 
In the following list the most important features are mentioned first. 
(a) The rooms chosen for practical work must be big enough. Both 
discipline and efficiency suffer when pupils try to work in cramped 
quarters. ' 
(b) The rooms must be light, with plenty of windows. (The nearer the 
school to the equator, the less important is the north or south aspect 
of the larger windows.) Rooms can be made lightef by using light- 
coloured distemper, or even whitewash, to cover wall surfaces. 

(c) If existing ventilation is insufficient, adéquate arrangements must 
be made. " : 
(d) Store rooms are essential. 

(e) A piped water supply and an efficient drainage system are 
required. . 

(f)Some method of providing heat «for experiments must’ be 
devised. If neither coal-gas nor petrol-gas can be provided it may be 
necessary to fall back on burners using methylated spirit, or ordinary 
petrol, or kerosene. Of the latter there are suitable types operating 
on the principle of a blow-lamp. 

(g) A preparation room should be provided. 
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(A) Arrangements should be madestd permit one room to be darkened 
when necessary. : 
(j) Each foom should have rhore than one exit. 

Given theeabove fagilities, the arranging of furniture and fixtures 
shotld not provide any special difficulty, 


Employment of local craftsmen—In some districts there has been a 
sudden demand for the teaching of science in schools. As a result 
people have sometimes imported benches, elaborate fittings, com- 
plicated apparatus—perhaps because they have seen a picture of an 
extravagantly equipped laboratory—in the delusion that this con- 
stitutes ‘science’, as though science were some remote, f oreign 
magic. Such an attitude can be prevented, or soon corrected, by a 
conscientious and enlightened teacher. He will show that science has 
relevance to the immediate surroundings of the pupils, to the daily 
life of the community, wherever it may be and whatever stage of 
development it happens to have reached. So the community itself, 
as far as the skill 5f its local workers permits, should have a hand in 
the construction of laboratory furniture and equipment. This is just 
as desirable as the construction and improvisation of apparatus by 
staff and pupils. It is not merely an economy measure: it helps to 
dispel false notions of science as an alien affair of mysterious 
devices. Locally made equipment may possibly be less elaborate and 
appear less imposing, but it frequently leads to a better understand- 
ing of science and its methods. 


Adapting a classroom for use as a demonstration or lecture room — Yt 
is hardly possible to use ał a laboratory a room which has to do duty 
as an ordinary classroom. But sych a room may be turned into a 
demonstration or lecture room, though lack of laboratory facilities 
may result in pupils being denied the opportunity of doing adequate 
practical work. However, if it is impossible to have a laboratory, a 
classroom adapted for giving demonstration lessons is the next 
best thing. ; e 

It is not easy to design a laboratory, and even more ingenuity 
may be required to adapt an existing classroom for science teaching. 
Classes vary in numbers; classrooms vary in size, in the positions 
of doors and windows, in the ease with which piped water ean be 
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brought into them and waste water drained out. Each rom provides 
its own problems. If the room is small it may not be possible to 
include desirable fittings or fixtures, or he width of benches may have 
to be reduced, and wall space may be very limited. But a room already 
too small for an ordinary class will certainly not accommodate that 
same class when adapted for science teaching. 

Figures 26 and 27, pages 186-7, suggest how square and rect- 
angular rooms might be planned. à 


* 
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Laboratory fittings and fixtures 
Benches — Movable benches may have some advantages in that the 
laboratory can be rearranged according to varying needs. In practice, 
however, such rearrangement rarely takes place. Fixed benches, 
being more rigid, are less likely to be jerked by a class of pupils, and 
apparatus placed upon them is less likely to be broken. The more 
sensitive the apparatus the more essential it is that it shall be placed 
upon a rigid support. Further, water and gas fittings can be per- 
manently fastened to fixed benches. Bench legs can be screwed to a 
wooden floor by means of small angle brackets. They can be fixed 
to a concrete floor by being screwed to short projecting pieces of iron 
strip embedded in the cement. ; 

A suitable height for a working bench is 2 feet 9 inches. Those 
used exclusively for chemistry should not be lower than this. But as 
a 2 foot 9 inch bench is rather high for pupils using microscopes st is 
desirable to have a special bench or shelf for this‘ purpose, about 
2 feet 3 inches high, and preferably in front of a window. < 

Bench tops may be made of boards of any local hardwood. A 
thickness of 1 inch will serve, but,1} to 14 inches is better. They can $ 
be kept resistant to water by being rubbed occasionally with a 
mixture 6f linseed oil and turpentine in equal proportions, or with 
a wax polish. i 

For the sake of good discipline it ic advisable to have narrow 
benches, 2 feet widé, with all pupils normally facing the teacher’s 
demonstration bench. If one laboratory is used for all purposes 
then the benches should be thus arranged. But biology or physics 
experiments sometimes require more space, and the advantage of 
benches 3 feet 6 inches wide then become apparent. With the narrow 
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FIGURE 26, 


—Plan of a square class-room (24^ x 24’) adapted for the 
teaching of science 


EXPLANATION a 


In Electric 3-pin socket and plug fixed unde; 


r edge of bench (15 amp.) 
Electric 3-pin socket and plug (15 amp.) 
Gas point, two-way 


G 
W Water-tap » 


Teachers' demonstration bench, 2' 9" high, Drawers (one about 3^ wide) underneath. Cup- 
See below drawers. Cupboard doors wood-panelled, narrow 
in| 


Dais, 8" above floor level 
Long bench, 2' 9" above floor. Drawe: 


‘museum’ shelves) 
Cement draining slab, sloping slightly 


Foe ea 


c 
FIGURE 27.—Plan of a rectangular class-room'(20' x 30‘) adapted for n 


c the teaching of science ; 
EXPLANATION —(continued) 
Drying rack on wall K 12. Notice or bulletin board 
Cement slab, horizontal, 2’ 9” above 13. Standard barometer 4 
floor 14. Shelves, lower one 18” above top of 
Open shelves for bottles bench x 
Blackboard 15. Low shelf for microscope 


High table, on wheels, for projector 16. Pupils’ desks and seats 
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type benche), one sink is needed: for each working pair or gtoup. - 
If double width benches are provided one sink will serve two working 
pairs or groups. This economy is sometimes purchased at the expense 
of disciplino. The teacher's demonstration bench should be 2 feet 
6 inthes wide. x J 

Bench cupboards—The fitting of cupboards underneath pupils’ 
benches depends on whether or not the laboratory is to be used 
for chemistry. If so they should be provided. Laboratories used for 
physics or biology do not need cupboards under students’ benches, 
especially if there is plenty of cupboard space elsewhere. Where 
cupboards are fitted there should be two to each working place. 
One cupboard should have a shelf in the middle; the other should 
have either no shelf, or a shelf much smaller than the bottom of the 
cupboard, thus allowing apparatus on stands, and long-necked 
graduated flasks, etc., to be kept in it. 

The teacher’s demonstration bench should be provided with cup- 
boards, and it is convenient if they open both towards the teacher 
and towards the Class. 

Cupboards should be set back 3 or 4 inches from the front 
edge of the bench, or should be raised to give space for the 
feet. 

Bench drawers—Every bench should be provided with drawers 
immediately under the bench top. Four inches is a suitable depth for 
a bench drawer, and it is better to provide a number of narrow, 
shallow drawers than a few which are wider and deeper. There 
should, howevet, be one wide drawer in the teachers’ bench. Small 
apparatus in a large drawer invariably gets disarranged, and often 
damaged, if the drawer igin constant use. It is an advantage if some 
of the drawers are provided with thin internal divisions. 


Bench sinks—The type usually provided is of glazed earthenware 
fitted with a safety overflow device. This device may be part of the 
sink itself. Alternatively, a cylindrical tube, made of either plastic or 
non-corrosive metal alloy, and shorter than the depth of the sink, 
is used in the place of a plug. (A piece of brass or lead piping of 
Suitable size might be cut and filed to serve the same purpose.) 
12 x 12 x 8 inches (outside measurement) is a suitable size for 
a sink for students’ benches. For a demonstration bench, a sink 
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18 x12 x 8 inches is more appropriate. (Sinks in prepar/tion rooms, 
and one sink in each laboratory, should be 30 x 18 x 10 inches.) 

The sink should lie, just under the top of the bench, sc that the 
bench overlaps its edge. A drip ledge, made by cutting a groove 
around the‘under-edge of the hole in the bench top, prevents water 
that is washed into the sink from the bench, from running back under 
the bench top (see Figure 28). 

In a laboratory used exclusively for physics or botany sinks are 
not required in students’ benches, but they are necessary for chemis- 
try. In an all-purpose laboratory, therefore, sinks should be pro- 
vided in students’ benches. In this event it is convenient, although not 
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FIGURE 28.—A laboratory sink, with: 


A—groove below edges of bench top to form drip ledge € 
B—safety plug, i.e. combined plug and overflow pipe 


an ideal arrangement, to fit water taps which can be hinged dewn 
into the sink. The sink can then be provided with á wooden cover, 
to fit flush with the bench top. With the cover in place the bench 
becomes more suited for many physics «nd biology experiments. 


Blackboard — Size: It is difficult to imagine a blackboard which is 
too big. Far too many are absurdly small. An area 8 feet to 12 feet 
wide and 3 feet from top to bottom is satisfactory. 

Position: The blackboard should be fixed to a wall without win- 
dows—the shorter wall in an oblong room. The wall should be 
chosen so that a pupil looking at the blackboard has most light on 
his left side. The bottom edge of the board should be 3 feet above 
the floor on which the teacher stands. 

Construction : A blackboard may be made of various materials. 

o. 


G 


© 


190 \ TEACHING OF GENERAL SCIENCE 
id » 


(1) A concr\te surface, carefully eement-washed, laid flush on the 
wall itself, has the advantage over all other types in being cheap, 
unaffected by weather, and indestructible. (2) Jt can be made of well- 
seasoned tongued and, grooved boards fixed to the wall. (3) It may 
constst of two or three pieces of plywood, framed in hardwood. A 
blackboard of this kind may be mounted in various ways. (a) The 
separate boards may be screwed flush to the wall. (6) They may be 
fastened to a permanent wooden fixture which allows the top of the 
bpard to overhang the bottom by about 2 inches. This reduces the 
likelihood of blackboard ‘shine’, (c) They may be set up as in (b), 
but kept in place by means of turn-buttons, so that they may be 
easily taken out of the fixture and put back with the reverse side 
showing. The boards should therefore be ‘blacked’ on both sides. 
The advantage of such an arrangement is that matter, e.g. diagrams, 
required for a subsequent class can remain on one side of the board 
while the other side of the board is in use. One side of such a board 
may be square-ruled with unit lines at l-inch intervals, this side 
being brought int8 use only when needed for graphs. (d) The boards 
may be set up like sliding doors, so that one or both may be moved 
to ope side to give access to a hatchway leading into a preparation 
room. (e) Similar access may be given when boards are arranged in a 
frame, to move up and down with counterpoised weights as in the 
case of sash windows. This device is useful when the amount of 
horizontal wall space is limited, 

Fittings: A narrow shelf, with beading along the front, should be 
fitted along the"length of the board and just below it, to provide a 
place forschalk and blackboard cleaner. Above the board, at one side, 
it is useful to have hooks gor the hanging of charts or a small screen. 
Similarly, Screw-eyes suitably situated in the ceiling, are useful for 
the suspension of a larger projection screen, 


Notice or bulletin boards —Such wall Space as remains vacant, after 
shelves, cupboards, blackboard, etc., have been accommodated, may 
be covered with notice, or bulletin, boards. Most of the material 
for exhibition on these boards will be fastened temporarily, by 
drawing pins or thumb tacks, The boards should therefore be made 
of planks of some local soft-wood, made proof against ants, termites 
and wood worm by being treated with some repellant, and framed 
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in a narrow hardwood surround. Rôoms in hot bountiesfisueny have 
a ceiling not less than 10 feet above the floor; spaces may be found 
above top shelves or cupboards wheré pictures may be hung arid 
charts and diagrams displayed., , e ° j 

Boards may also be fastened along any outer blank wall which is 
sheltered by a verandah. It is not necessary to protect such boards 
by covering them with glass doors, as the outer walls are not places 
for the display of valuable or irreplaceable material. When display 
material has begun to disintegrate, as a result of exposure to wind 
and weather, it has obviously been on the wall too long, and should 
have been replaced by fresh material long before. The interest 
aroused by newspaper cuttings, illustrations from magazines, charts, 
will give place to boredom, if the same items are displayed too long. 
Frequent changing of illustrative material is sure evidence of an 
alert and diligent teacher. 


(2) 


9 s (a) 
FIGURE 29.— Ceiling fixtures for experiments in mechanics, etc. 
(a) A screw-eye 
(5) and (c) Small iron plates, drilled as shown 


(d) Plate A is secured to the side of the beam by bolts C with nuts D. It carries 
small square-section bolts E, to which plate B'is fitted by wing-nuts E 


© 


a, , > 


192 \ TEACHING pF GENERAL SCIENCE 
ry LJ 


Ceiling fittinys — Exposed joists ir the ceiling of a laboratory can be 
very useful. Large screw-tyes (Figure 29 (a)), the insertion of which 
réquires tio particular skill, nfay be screwed into ceiling timbers, and 
from them may be hung individual pieces of apparatus, projection 
screens, and,so on. A series of screw-eyes about one foot apart and 
set in a straight line can support an iron rod, a wooden bar, or a 
brass tube, and from such a bar may be conveniently hung various 
devices to illustrate the laws of mechanics. A useful arrangement for 
suspending wires or pendulums can be made locally. It consists of two 
iron plates of unequal length (Figures 29 (5) and (c)), drilled to take 
iron bolts, and is fixed to a beam as shown (Figure 29 (d)). The two 
small bolts should have wing-nuts so that the wires can be easily 
fastened. A competent teacher, or a local carpenter, can set up such 
fittings as and where they are needed. 

If the ceiling is below its supporting timbers, which are then out of 
sight, the position of the beams must be found by probing with a 
very fine awl. The shank of a screw-eye must then be long enough to 
pass through the Ceiling and get a good grip of the timber above it. 


Clock—If the school can provide a clock for the laboratory it should 
be one with a seconds hand. There are numerous experiments in 
which this will prove useful. 


Cupboards — All cupboards other than those under benches should 
have doors with glass panels, and the shelves should be about 
1 foot wide and'1 foot apart. Half-way between these wide shelves, 
at about»eye level where they can be seen easily, can be fixed narrow 
A shelves; about 4 inches Wide. On these can be put small pieces of 
equipment, e.g. clips, glass blocks, ammeters, fixed resistances, 
dropping bottles, density bottles, and so on. If sliding doors are 
fitted to cupboards, there is a considerable saving of availáble space 
in a small laboratory; but they are apt to stick unless they rest on 
metal strips with rollers. ə 
Dais — The platform upon which the teacher stands, and upon which 
the demonstration bench is placed, is usually 12 inches above the 
level of the laboratory floor. It should extend several feet each side 
of the blackboard, preferably the full length of the wall. When the 
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length of the dais is limited to that of the blackboard/ the teacher 
finds it difficult to stand and write at the ends. A distance of 3 feet 
should separate the bench from the blackboard. LA : 
Draining raks ~- These vary in size according to the apparatus (test- 
tubes, flasks, etc.) for which they are generally used. They can easily 
be made by any carpenter. One should be fastened to the wall by 
each of the largest sinks. 
Fume cupboards — Fewer fume cupboards are required by students 
following a General Science course than by those following more 
advanced specialized chemistry courses. The laboratory in which 
chemistry is taught should have two, the chemistry preparation room 
needs one, and there should be one in the lecture room. A fume cup- 
board has a slate or cement base, at bench height, measuring about 
3 feet wide by 2 feet 6 inches deep. On this is erected a glass-sided 
case with a glass top. The front is a glass-panelled sash, kept in any 
position by weights. A flue must lead from the insite top of the cup- 
board to the outside of the building. A forced draught of air can 
be provided by an electric fan placed in the flue, or by arranging for a 
flame to burn in it. A gas flame is most convenient, but a small lamp, 
placed ona suitable ledge at the entrance to the flue, willserve the pur- 
pose. If a flame is used, the flue must be substantially made, of brick, 
cement blocks, or of metal well lagged with asbestos sheeting, great 
care being taken that no heat from the flue can possibly ignite any 
woodwork. When the cement base is cast, it should include a shallow 
groove round the edge of the area to be enclosed by the cupboard. 
If the groove leads into a waste-pipe ands'thence to the drain, it is 
easy to dispose of any liquid spilt,in the cupboard. ; 
If gas is supplied in the cupboard, the control taps should be out- 
side it. ^ . 


Electricity for general use— Many experiments require a supply of 
low-voltage electricity. There are several ways of providing it. (i) 
A transformer connected to a main supply of alternating current 
(A.C.) can provide a low-voltage current. The usual choice for such 
a supply is either 6 volts or 12 volts. This current can then be con- 
nected to ‘two-pin’ sockets and plugs conveniently fixed under the 
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ends of indiyidual benches. It is safe to use. It will provide current 
suitable for 6-volt or 12-volt electric bulbs such as are commonly 
uSed for*cars. These supply’ light for experiments with light rays, 
etc. But the current.so obtained is still alternating current, not 
diret curregt, and is unsuitable for experiments on electro-magnetic 
induction, electrolysis, etc., nor can it be used to charge accumulators, 
Though very useful in a physics laboratory for more advanced 
students, a transformer is hardly worth the expense of installing ina 
laboratory used solely for elementary science. If, however, such an 
installation is provided, it must be remembered that a 6-volt, 24-watt, 
car lamp uses a current of 4 amps. The electric cable leading to a 
laboratory wired for a low-voltage supply should therefore be 
capable of carrying at least 4 amps. 

Considerable damage, if not danger, may result from the acci- 
dental connexion of apparatus designed for 6 or 12 volts to a high- 
voltage supply. To avoid all possibility of confusion it is advisable to 
use 3-pin plugs and sockets for the high- and 2-pin for the low- 
voltage circuits. ° 

(ii) Secondary storage cells, e.g. lead accumulators, or nickel-iron 
CNife") accumulators, supply direct current (D.C.). These are suitable 
for all purposes, and, if single cells are available, the current may 
be used for either torch bulbs or car lamps. *Nife' accumulators are 
better than lead accumulators for school use. The fluid they contain 
is caustic alkali (nor sulphuric acid), they are lighter to carry, and 
they will withstand harsher treatment without disintegration of the 
plates, ; 

Accumulators need to be charged from time to time. If mains 
A.C. is available, an apparatus for charging accumulators should be 
fixed to a wall, preferably in a preparation room. Such chargers, 
which are also rectifiers and so provide direct current, are supplied 
complete with ammeter and resistances for measuring and regulating 
the rate of charging. With the aid of such a battery-charger and 
reasonable care, a collection of accumulators can be kept in working 
order for years. ? 

Very inexpensive ‘trickle chargers’ are also obtainable. These pro- 
vide a much smaller current, so the charging process takes longer. 
But they are efficient and fool-proof. Accumulators should never be 
charged at a rate higher than that recommended by the manufac- 


a o é 


LABORATORIES AND THEJR EQUIPMENT, 195 
turers. At this rate they cannot be spoiled if left on charge or too long. 
All that happens when they are fully charged, i.e. when the chemical 
changes in the plates are complete, is that the liquid (acid or alkali) 
is electrolysed, yielding oxygen and hydrogen.. Thus addition of dis- 
tilled water "replaces any loss. ; F 

(iii) Primary cells, such as quart-size Leclanché cells, also provide 
direct current suitable for most experiments. But it must be remem- 
bered that their output is more variable than that of accumulators, 
and the current falls off when they are used continuously for more 
than a few minutes. During the chemical action which produces the 
current, the zinc poles dissolve and the ammonium chloride in solu- 
tion is slowly replaced by zinc chloride. But zinc poles and ammo- 
nium chloride are cheap and obtainable with reasonable ease, and 
their renewal, as required, ensures a long life for each cell. 

Other types of primary cells, e.g. Daniell, Bunsen, bichromate, etc., 
are not suitable. d 

(iv) Dry batteries do not differ in their output from Leclanché 
cells. They have a surprisingly long life, if used fo? short periods of 
intermittent current, but when they have run down they cannot be 
recharged, nor can their parts be replaced, and so they are of no 
further use. 

Methods (ii), (iii) and (iv) have one great advantage over method 
(i) for elementary science teaching: there is constant need to decide 
how many cells are required for any experiment, and how best they 
should be connected. To provide a greater voltage, cells have to be 
connected in series; to increase the current, more cell$ must be added 
in parallel. Experience in the use of cells, therefore, emphasizes the 
meaning of the fundamental characteristits of an electric current. 
This emphasis cannot be gained frpm the uncritical use of a ‘laid-on’ 
low-tension supply. 

High-vóltage points, if a mains supply is available, should be pro- 
vided at the teacher's demonstration bench (15-amp.); along the 
side-benches (15-amp.); and by any shelf upon which microscopes 
are to be used (5-amp*). Additional points for providing current for a 
still (15-amp.), an aquarium aerator (5-amp.), a klinostat G-amp.), a 
projection microscope (5-amp.) and a projection lantern or epidia- 
scope (15-amp.), are needed at the appropriate places. The capacity 
of the sockets and plugs required is given in parentheses. 
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It is ee to plug in apparatus by means of adaptors to light 

sockets, and this should be forbidden. 
* Each 15-amp. socket shoulti have its own fuse, either near by or on 

the main switchboard. PENS 

The bared ends of wires attached to a 220-volt mains supply can 
give a careless user a fatal shock. All plugs and sockets should be of 
the three-pin type, with the third pin effectively earthed. Apparatus 
connected to a mains supply should not be manipulated while the 
eurrent is switched on. A control switch of the appropriate capacity 
should be provided for each socket. 


Possible danger in the use of electricity — From the start, when the 
chemical sources of current are first described, the value of the 
voltage produced should be stated (see Appendix J, page 364). An 
appreciation of the practical meaning of voltage is thus built up. 
Domesti¢ installations are arranged to provide supplies up to about 
250 volts. Fatal accidents may occur if the body is subjected to 
voltages of no mére than 80 to 100 volts. But the amount of current 
matters as well as the voltage. The bare end of the wire leading to the 
sparking plug of a car, if touched while the engine is running, will 
give a powerful shock, for the voltage is of the order of several 
thousand volts. The experience is momentarily painful, but not likely 
to prove fatal because the current is very small. But the shock 
received by someone standing, for example, in water in a metal bath 
fitted with pipes buried underground, who touches with a wet hand 
the exposed pints of a mains electric device, thus making good 
contact with both earth and ‘live’ wire, will probably prove fatal, 
though the voltage be only 110. 
4 The teacher must always make sure that any possibility of danger 
is reduced to a minimum, that any pupil using the electric supply 
knows exactly how to, proceed, and that every member óf his class 
knows the reasons for taking the necessary precautions. , 

> 
Hints on wiring additional lamps and sockets — The following infor- 
mation may be of use to a teacher who wishes to provide a laboratory 
with extra electric lamps or sockets and intends to wire them in 
himself. 


Two wires come from a mains supply to the meter board. One is the 
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FIGURE 30.—Meter?board and electric wiring 


A —Mains fuses (not to be touched) 


» B—Main switch C—Meter 
D—Fuse box id 
é 1, 3, 5—'live' fuses 
2, 4, 6—' neutral" or ‘earthed’ fuses 


E—Earth . 
L—Lamp S—Svgtch T—Three-pin socket and plug 


a —' Netral or ‘earthed’ wire a,— Live' wire 
, Note—lt is a particularly opportune time for pupils to study the electrical system when a new 
circuit is wired up in the laboratory. 
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‘live wire’, thy other is ‘earthed’ at the electric power station itself, 
The two wires are led through the mains switch and the meter to the 
fuse box. The fuses attached to the ‘live’ wire are the ‘live’ fuses, 
those connected to the other wire are ‘earthed’ fuses. (The insulation 
round the ‘liye’ wires is often coloured red or a red thread runs 
through it.) 

When a new electric point is wired in, the wire from the ‘live’ fuse 
is taken to the switch. From the switch the connexion is led to the 
lamp or socket, and from here to the ‘earthed’ fuse. The reason for 
this arrangement is that when the switch is in the ‘off’ position the 
lamp or socket is ‘dead’. In spite of this it is wise practice never to 
adjust lamp or socket unless the mains switch is also turned off. 

Three-pin sockets should be used wherever possible. Two pins 
carry the current. The third terminal is ‘earthed’, It is attached to a 
piece of copper wire, the other end of which makes good electrical 
contact with a water pipe which somewhere else is buried in the earth, 
or with a large piece of copper buried in moist earth. Any electrical 
instrument is then*tonnected to the plug as follows. Three wires are 
needed. Two wires carry the current, One end of the third wire is 
firmly attached to the metal case of the instrument, the other end 
leading to the pin which makes contact with the ‘earthed’ terminal. 
It is convenient to use three-cored cable or treble ‘flex’. By this 
means any stray current, due to defective insulation in the instru- 
ment or the two wires carrying current, will pass to earth (see 
Figure 30). This prevents a shock for anyone handling a faulty 
apparatus. A 

> LI 

Fitted hoxes and trays —Many pieces of scientific apparatus are 
"fragile and require care in handling and storage. The use of shallow 
Wooden trays or cardboard boxes for small items helps to reduce the 
risk of breakages. Trays for crucibles, density bottles, et., should 
be divided into compartments by strips of plywood or cardboard. 
Thin’ strips of cardboard, folded and kept in shape by paper staples 
as shown in Figure 31, make satisfactory protective divisions in 
trays or boxes for lenses and mirrors. A System of this kind is not 
only a safety measure but is the simplest way of ensuring regular and 
rapid checks of the number and condition of articles. 

Reagent shelves fitted to benches are satisfactory in a chemistry 
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laboratory, where sets of bottles àre in frequent use. gn a General 


Science room it is better to keep the benche$ clear. The sets of reagent. 
. , LJ e 


FIGURE 31.—A simple method of 
storing mirrors and lenses, (A strip FIGURE 32.—A wooden tray for the 
of cardboard is folded and pinned to storage of reagent bottles 
provide compartments in a tray) 


bottles may be kept in wooden trays with handles (see Figure 32). 
These are easy to store in cupboards, and can readily be put out at 
appropriate places on the benches when required. 


Hooks, clips, etc. — Space in cupboards can often ‘be saved by fixing 
a row of pegs or cup-hooks (screw type) in suitable places. They are 
convenient for hanging small pieces of apparatus, such as spring 
balances, thus leaving the shelves free for larger items. Spring clips 
of assorted sizes are also useful. They can be screwed, where neces- 
sary, into any vertical board, e.g. the side of a set of shelves, to hold 
apparatus, illustrative material, notices, etc. 

Shelving — Open shelves for bottles containing liqttids need be no 
more than 6 inches wide. A beading along the front edge of«the shelf 
is not necessary, but a narrow strip, about 4 to ł inch wide, placed > 
along the back edge of a shelf or bench top, prevents undue staining 
of the wall behind. If the floor of the room is of cement, the bottom 
shelf should be 16 inches above it. This allows large bottles (such as 
Winchester quarts), 14 inches high, to stand on the floor. If the 
floor is of wood, the bottom shelf shouldebe at least 4 inches above it, 
to allow the space beheath to be cleaned. Upper shelves should have 
about 8 inches space between them. Lower shelves can be spaced more 
widely. Measuring from the floor upwards, shelves 1 inch thick, can 
be placed thus: 4-inch space, shelf, 16-inch space, shelf, 12-inch space, 
shelf, 10-inch space, shelf, 8-inch space, shelf, 8-inch space, shelf, 
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8-inch space\ shelf. The top shelf*is then just over 6 feet above the 
floor, and is quite high enough. 

*Open shelves for bottles cofitaining solids should be about 8 inches 
wide, without beading in fronj. The bottom shelves should be 
spaced 14 ipches apart, and the upper shelves 12 inches apart. 
Measuring from the floor upwards, shelves 1 inch thick can be placed 
thus: 4-inch space, shelf, 14-inch space, shelf, 14-inch space, shelf, 
12-inch space, shelf, 12-inch space, shelf, 12-inch space, shelf. The 
top shelf is then approximately the same height above the floor as 
in the previous case. 

Chemical balances must be supported on a rigid shelf, preferably 
18 inches wide, and 3 feet 3 inches above the floor. A cement slab is 
better than a wooden bench. A length of 2 feet of bench is required 
for each balance. 

If large bottles, or aspirators, are used to provide a store of the 
commonest bench reagents, the shelves should be 1 foot wide, and 
not more than 3 feet 6 inches above the floor. 

Shelves arrange in racks for use in a store room should not be 
more than 3 feet wide. Access should be possible from both sides. A 
distance of 15 inches between the shelves is suitable, though shelves 
which are at about eye level can be a little closer together. 

, In a store room chemicals may be arranged alphabetically or 
according to some other system. Whatever method of storage is 
adopted, the quantity, and size of container, of one chemical often 
vary greatly from those of the next, Shelves around the walls, there- 
fore, cannot well be less than 14 inches apart. 

Glass rod and tubing can be stored horizontally, but a vertical 
tack, ia which they standson end, is more economical of space. 


* 
Water taps — Each sink on the students’ benches should be provided 
with a water tap, the nozzle of which should be suitablé (buttress 
riffled) for attaching rubber tubing. It should, if possible, be not less 
than 18 inches above the bottom of the sink. Sinks on teachers’ 
demonstration benches should be provided with a fitting which has 
three nozzles, two of small diameter and lower than the third, which 
can be slightly larger. All three nozzles should be adapted for attach- 
ing rubber tubing, and the larger nozzle should be 2 feet above the 
bottom of the sink. Sinks in preparation rooms each require at least 
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one large tap, with a nozzle of anti-splash as which j ould be at 
least 2 feet above the level of the sink. With*the tap set A this height, 
and a sink of the size yecommended, it should be possibld to wash 
burettes without spilling water over, the floor. e t 


" € 


Note — First-aid and the kit required are discussed with the preven- 
tion and treatment of accidents in Chapter XI, page 278, and 
Appendix H, page 349. 
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` . CHAPTER X 
* 
: , Aids to Teaching" 

» aie 
No wise mån refuses help and no wise teacher ignores ‘aids’. They 
come from many quarters. These aids, as the title of the chapter 
implies, are to help in teaching, not to be substitutes for teaching, 
nor for teachers. The problem that faces administrators, how to pro- 
vide for the education of too many children with too few teachers, is 
hot likely to be solved by the liberal provision of mechanical ‘aids’, 
But teaching by their help is likely to be all the more effective. 

Aids should be handled with discretion: they must be kept in their 
proper place. They have to be Woven into the pattern of activity the 
teacher desires, and not allowed to determine, because they are avail- 
able, what shall be learnt, and when. Aids are a supplement to teach- 
ing, bridging up-to-date and expert knowledge to the class-room. 
They often arouse as many questions as they answer; and this is a 
good thing. They can stir the imagination by demonstrating the prac- 
tical uses to which scientific knowledge has been put, or arouse a 
sense of wonder at the beauty and variety of nature in the world in 
which we live. It is a common experience to search for illustrative 
Material from distant places and fail to find it, overlooking the illus- 
trations that lie near to home. The teacher should first seek out, and 
put, to good use, the material he has at hand. If he fails in this, 
he is not likély to make good use of material brought from far 
afield: | 

The, less fuss made abeut the introduction of illustrative material 
the better. The more Tearrangement of seats, and general dislocation 
of ordinary class routine, the mote detached from the subject does 
the material tend to become. This is the opposite of what;is desired, 
especially in the use ‘of film-strips, films, and projection material 
generally. If such aids are used they should be in place before the 
lesson begins, and blinds should be fastened so that they can be re- 
leased in the minimum possible time. Then, almost before they realize 
What is happening, the pupils are being presented with the illustra- 
tions, so that there is no tendency for the latter to become dissociated 
from the rest of the lesson, 
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The science teacher has an initial advantage over the teachers of other 
subjects because so maħy of his lessons may be illustrated with con- 
crete materigl. The apparatus at his disposal, variously connected and 
arranged, is continuously available. t 

One of the first tasks of a teacher is to make sure that his material 
is kept, as far as possible, in full view of his pupils. Models, pieces of 
apparatus, specimens in jars, etc., may be put in glass-fronted cup- 
boards, or on open shelves, and clearly labelled, so that even the pupil 
whose attention temporarily wanders is still confronted at every turn 
by named articles. The more delicate apparatus should be kept in the 
cupboards. One density bottle, one overflow (Eureka) can, one calori- 
meter, etc., can be placed on a shelf, on the edge of which the name 
of each article is plainly printed. The remainder of the bottles, cans 
and calorimeters, etc., can be put away in cupboards with wood- 
panelled doors. « 

Plainly labelled bottles of the chemicals in common use should be 
on open shelves in the laboratory, so that all pupils may see them 
clearly. Chemicals supplied in dark-coloured bottles cannot be seen, 
so some of the contents should be put into plainly labelled, clear-giass 
bottles, and placed on the shelves. (The coloured bottles, containing 
most of the stock, should be kept in the store.) Even if it is never 
deliberately brought to his attention no pupil should be able to avoid 
knowing, for instance, that copper sulphate crystals are blue and 
ferrous sulphate green. D d 


Apparatus and materials s 


* 
« 


The blackboard 2 6 


The blackboard is the commonest of all visual aids, and is, in fact, 
such a commonplace of classroom teaching that it is rarely used as 
effectively às it might be. The science teacher should never be without 
a supply of coloured chalks. With their aid parts of a diagram need- 
ing emphasis can be brought into prominence. A diagram of the 
human chest and abdomen becomes clearer and more memorable if 
the lungs, heart, liver and intestines are shown in different colours, 
with correspondingly coloured labels. A diagram of rays of light, re- 
flected or refracted, is made much plainer if individual rays are of 
different colours. Their tracks through various optical instruments 
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can be more clearly shown. It takos no more time to draw a plant and 
its roots using green and brown chalks for leaves and roots, but the 
result is More impressive than a drawing in white chalk. 

The teacher’s blackboard work should encourage neatness, clarity 
and'accuragy—all the virtues he hopes to find in his pupils’ records, 
Other uses will occur to the teacher, such as: the underlining of im- 
portant stages or main principles in an argument or calculation; put- 
ting estimated values of errors and calculations of percentage error 
alongside experimental results; and stressing corrections, e.g. for 
temperature and pressure of a gas, water equivalent of a calorimeter, 
etc. 


Models and charts 


Charts and models of biological interest may be obtained from sup- 
pliers of biological materials. Most firms which supply science equip- 
ment also furnish models of machines, pumps and engines, etc. The 
large firms whose products are advertised all over the world, such as 
manufacturers of chemicals, all kinds of electrical equipment, engines 
and, motor-cars, etc., usually have special departments which deal 
with inquiries for illustrative materials useful for schools. They will 
often supply these materials free of charge. Government departments, 
particularly agricultural departments, often have illustrative material 
which they are glad to supply to schools. Requests for such aids 
should be made either direct to the department concerned or to a 
Public Relations officer, and a teacher should make inquiries of such 
sources in his own country. 

It isepart of the duty ofany science teacher to make models, charts 
and diagrams. Among the most continuously useful visual aids for 
teaching purposes are those the teacher makes for himself. Moreover, 
his pupils should be encouraged to help, and to make such aids as a 
hobby, especially in science clubs, handicraft groups, etc. , 


+ 
Other available aids 
There is hardly any object, device or activity that cannot in some way 
contribute to the learning and teaching of science—which is one good 
reason for including the subject in the school curriculum. It is con- 
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venient, however, to classify ‘teaching aids’ as in the following para- 
graphs. Those generally accepted in everyday school work are given 
first, but some of the others may provide the inspiration for genuine 
education in science. 1 : ' 
E o 
© 

Memory aids —There are many ways of helping pupils to remember 
important facts and useful data. The methods usually depend upon 
creating some kind of interesting link, perhaps amusing or even non- 
sensical. Pupils may be encouraged to make up original ‘aids’, for the 
concentrated attention required in their construction is in itself a help 
to the memory. Here is a random list of examples:— 


(1) Alphabetical arrangements. The order of letters in the alphabet 
may be used to fix in the mind such facts as the following :— 
(a) ‘Acids’ (Ac . . .) comes before ‘Alkalis’ (A/. . .) alphabetically; 
‘Blue’ comes before ‘Red’ alphabetically. 
Thus ‘Acids’ and ‘Blue’ are linked together, and we get:— 


AN Al * Acids turn Blue litmus Red’ 


BFR 
(b) Stalactite (hangs from roof, so we remember c for ceiling or t 
for top). 1 
Stalagmite (on the ground, so we remember g for ground). 


(2) Acrostics. A list of words (or lines) may be arranged so ‘that 
their initial letters form a word—real or invented—thus making it 
easier to remember the list: 2 y 

(a) Important properties of a gas inclutle:-— 


C ombustion (the gas does or does not support) 


e Litmus (reaction of the gas to) 
, Odour 
U [= ‘hue’! = colour] 


Density? (compared with air) 
S olubility (in water) 


‘coups’, made up by the initial letters, sometimes helps a pupil to 


remember the items in the list. 
P 


J 
a> jj P 


206 TEACHING PF GENERAL SCIENCE 
(5) The cglours of the rainbow are:— 
M ` Red , R ichard 
P Orange Of 
> ‘Yellow > > York 
$ Green G ained 
Blue B attles 
Indigo In 
Violet V ain 


Or as an alternative, reading the initial letters upwards: ‘VIBGYOR?’. 
* (c) The characteristics of living organisms are: 

» M ovement 
E xcretion 
R espiration 
R eproduction ‘Not Herring, but *MERRING" ’. 

- Irritability 

N utrition 
G rowth 


(3) Characteristics by numbers:— 
THREE—(4) Of a taut string affecting the pitch of the note: 
5 LENGTH TENSION THICKNESS 
(b) Of a musical note: 


: ! PITCH AMPLITUDE QUALITY 
(c) Of wave motion: 


2 pet WAVE-LENGTH AMPLITUDE 
» THREE PAIRS—Of i images in mirrors: 


REAL ERECT ENLARGED 
or or 


x or e 
VIRTUAL INVERTED 


DIMINISHED 
5 
(4) Summaries and exceptions:— 


(a) Non-metals are non-conductors—NOT CARBON 
(5) Dilute acids on metals yield hydrogen—NoT NITRIC 


» 


(5) Rhymes. Some pupils enjoy nonsense verses as a means of. 
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remembering facts. For example:«— 
LJ 


Sir Humphrey Davy, x : 
Abeminated gravy, : 
^ And lived in thesodium  * b 
* Of having discovered sodium. 5 
Poor little John is dead and gone, ; 
You'll never see him more: 
For what he thought was H,0 1 
Was H,SO,. 
(6) Miscellaneous — 
(a) Formation of shadows: 
‘Point’ suggests something ‘sharp’. 
Hence we may remember: 
‘A point source of light gives sharp shadows.’ 
(5) Density: ° 
ams per c.c. = d EDEN. 
d P ES volume y 


Charts and diagrams — Charts and diagrams are useful for the immé- 
diate illustration of lessons, and should be hung by the side of the 
blackboard rather than over it. (For the same reason a projection 
screen for small pictures should be placed at one side of the black- 
board. A large screen may have to be hung over the blackbogrd itself, 
but the blackboard is so valuable an aid tosteaching that interference 
with its use should be kept to the minimum.) When they have suf- ° 
ficient general interest they may well be displayed on a notice board, 
or on theewall of laboratory, verandah, corridor, or covered way. 
Graphs are in such common use and so readily display variations 
in values; that pupils should be encoyraged to employ grapltical 
methods whenever possible.’ Regular variations are shown particu- 
larly clearly by means of graphs, and this point may be emphasized 
by drawing charts showing more than one cycle of events. For 
example, graphs showing average maximum temperatures, or aver- 
age rainfall, for each month, can be extended to show the records 
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FIGURE 33.—A graph of times of sunrise and sunset: for a place 
in latitude 10° N. (A useful and typical example of periodic variation 
in nature) 
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for several years. The repetitive influence of the seasons can be more 
obviously correlated, for instance, with annular rings on trees, than 
is possible when only one year's records are considered. ^ i 

In addition to the usual weather records, suitable graphs, for con- 
struction by teaeher or pupils, include those showing times of mdon- 
rise, or high tide, and the declination of the sun or the moon. All show 
periodic variation. Their construction and display help to emphasize 
the rhythm which nature so often exhibits. The appropriate data 
can be obtained from Whitaker’s Almanack, the Nautical Almanac, 
or similar publications. A graph showing the variation in the 
times of sunrise and sunset throughout the year at places in any 
given latitude provides a welcome and instructive change (see 
Figure 33). 

Charts and diagrams should not remain on notice boards until they 
are faded or in poor condition, as pupils soon lose interest. It is better 
to put them away and display them again after an interval, of a few 


months. i 
@ 


Projection apparatus ; 
(a) Epidiascope— This apparatus projects an image of any flat, 
opaque object, such as the illustration in a book, a diagram, a pressed 
specimen, and so on. In this manner it works as an episcope. By the 
movement of a lever the projector can be used to project slides, films, 
and similar flat, transparent material. In this manner it works as a 
diascope. The area of the projected picture is usually‘larger than that 
provided by a film strip projector (see next paragraph), and is thus 
suitable for larger rooms. But the episcope requires a very bright 
illuminant, and nothing less than, an electric light of 1,000 watts is 
satisfactory. Because such a lamp dissipates a great deal of heat, the 
design of the apparatus must allow for adequate cooling. This may 
be ensured by ventilation through slits, and if necessary using an elec- 
tric fan. Its use normally requires a darkened room, and a mains 
electricity supply is esential. 

In one respect the old type of projection lantern is sometimes more 
convenient, for it can be illumined by a burner supplied by acetylene 
from a portable generator. Unfortunately this older type is not suited 
for use as an episcope. 
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(b) Film-strip projector —In plate of the old-fashioned projection 
lantern, with its 3} x 34-inch glass slides, there are now available 
much smaller lanterns whiclt use a strip of film on which successive 
pictures are'printed. Each 'strip' is conveniently packed and stored in 
a small metal case about the size of the container of a ‘120° or ‘620 
camera film. The size of the projected picture is usually up to about 
2 feet by 3 feet, large enough for a class, but hardly large enough for 
a school assembly room. The room in which the apparatus is used 
should be darkened. 

, The apparatus uses an electric lamp. This may be supplied with a 
current either— 

(a) from an A.C. mains supply through a transformer; 

(b) from a D.C. mains supply using a resistance; 

(c) from a 12-volt, large capacity car-type accumulator. 

It is an advantage if the apparatus has an arrangement enabling the 
film to be turned through a right-angle, so that the projected pic- 
tures, which are rectangular, can be shown in either a horizontal or 
a vertical position. 


(c)»Micro-projector — This apparatus enables a microscope slide to 
be projected either on to a vertical screen, so that a whole class can 
see it together, or horizontally on to a bench. If a piece of paper is 
placed on the bench and the image projected upon it, a tracing of the 
image can be made. 

It is best to darken the room in which the apparatus is used. If the 
size of the image is more than 1 foot across, and the magnification is 
more then x 20, it is not bright enough to be seen clearly by a pupil 
more than 12 feet from the screen. 

Illumination is provided in the same ways as for a film-strip projector. 


(d) Cine-projector (substandard: silent or sound)— A projector for 
silent films is far less costly than one for sound films, although the 
optical arrangements are the same. A sound projector can be used 
for silent films, but not vice versa. The substandard size, useful for 
class-rooms or small halls, is rated as *16-millimetre". Cine-projec- 
tors are quite easy to use, but it is advisable for a school to have one 


* Films being Supplied from U.S.A, to schools in some tropical areas are of the 
8-millimetre size, which is standard for schools in U.S.A. 
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member of the staff to operate it and be responsible for it. (Such a 
teacher should be given facilities for learning how to use the appar- 
atus under the instruction of a skilled operator on several óccasiorís 
before he is left in sole control of the instrument.) c 

A mains electricity supply is essential. The lamp and motor máy be 
operated direct from the mains, or, as in the case of some film-strip 
projectors, from an A.C. mains supply using a transformer, or from 
a D.C. supply using resistances. In the last arrangement the voltage 
applied to the lamp and the motor depends entirely on the positions 
of the resistances, whether in series or parallel, relative to them. 
Great care is necessary, for if any part is short-circuited considerable 
damage may result. 

The room should be darkened when the apparatus is in use. 

Film loops—By means of an attachment, cine-projectors can be 
adapted to project loops of film. Loops are used to show repetitive 
actions where it is an advantage for the viewer to see the action over 
and over again. Using thesame technique as for an animated cartoon, 
the artist can produce a detailed sequence of drawings showing, for 
example, an engine passing through its cycles of movement. If con- 
trasting colours and other devices are used to provide emphasis, the 
action of particular parts of a complicated machine can be readily 
followed. ^ 

Examples of film loops of particular interest to science teachers are 
those showing the working of two-stroke and four-stroke internal 
combustion engines, valves and pumps, the solar system, the action 
of the heart, and the circulation of the blood. Z i 

Film-loops, because they repeat the same actions, are vezy cheap 
in comparison with long films of the ordisary type taking ar equal 
time to show. e 


LI 
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Notes on projection apparatus 

(i) The electricity supply — The rating of the mains supply from which 
it is proposed to work’the projection apparatus must always be stated 
when an apparatus is ordered. The details required are usually: vol- 
tage; whether D.C. or A.C.; and the number of cycles (if the current 
is A.C.). These data can usually be found stamped on the front of the 
electric meter which controls the supply for the building. 
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It should be noted that some types of projector may be operated 
by means of a pressure (kerosene) lamp instead of electricity. 
(i) Projettion screens — Special screens are ayailable for small sizes 
of projected^image, up to about 3 feet high by 4 feet wide. This type 
is rdiled up,in a long, narrow box, out of which the screen may be 
drawn up, and kept erect and extended by levers. The box acts as a 
base on which the screen will stand on any flat surface without other 
support. 
» Larger pictures require other arrangements. They can be projected 
on to: (a) a plain class-room wall which has been distempered with 
a light-coloured wash, or with whitewash; (b) a calico screen or sheet 
on which has been put a coating of light-coloured distemper or white- 
wash. In the case of a large screen, a device is needed for suspension 
from the ceiling, and for rolling it up out of the way when not in use. 
A flap of some dustproof material should cover it for protection. 
(iii) Spare lamps— There is no standard type of lamp and lamp- 
holder for the various classes of projection apparatus. Every manu- 
facturer uses his own type. It is therefore advisable to obtain two 
spare lamps to fit each apparatus at the time it is purchased. 
(iv) Lenses and picture size — Focusing is carried out by moving the 
'objective'—the lens which is nearest the screen. All lenses are rated 
according to their focal length. The following formula holds good :— 
x y 
. fod 
where x = theawidth of the original picture or object 
> f = the focal length of the lens 
Y = the width of she projected picture 
d = the distance of the projected picture from the apparatus. 
a and b may be substituted for x ind y where 
a = the height of the original picture or object 
b — the height of the projected picture. 
The size of a may be: 16 mm. for a substandard cine-film! 
18 to 24 mm. for a film strip 
35 mm. for a standard size cine-projector 
34 inches for a diascope 
6 inches for an episcope. 


1 See footnote on page 210. 
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The longer the focal length thessmaller the picture, assuming the 
distance from projector to screen remains the same. “Other things 
being equal the smaller the projected image the brighter ‘it is. The 
larger the projected image the stronger is the.illuminant required. 

C 


The school museum 


It is probably best, in a small school at least, for the science depart- 
ment to keep its own museum, Exhibits of scientific interest are so 
varied that it is hardly possible to do more than hint at their variety. 
They may range from bits of submarine cable to a chrysalis, from a 
pebble to a musical instrument. 

Two requisites of a museum are systematic arrangement and good, 
clear labelling of specimens. Bottled snakes should not be side by side 
with shells of molluscs, nor a sample of a local mineral side by side 
with a radio valve. r 

The amount of information on a label attached to a specimen is 
often too little. A card 5 inches x 4 inches is a minimum size, and 
even this is too small for many exhibits. The name (both scientific and 
common in appropriate cases), and the family to which the specjmen 
belongs (in the case of biological exhibits), should be boldly printed 
at the top. There should follow the name of the person who gave it, 
found it or brought it, where and when it was found and such infor- 
mation as to make the reason for displaying it fairly obvious. The 
information should be written in such a manner that it can be under- 
stood by a person with little or no knowledge of science. Technical 
words and phrases should be avoided in a general or junioranuseum. 

Biological material offers special difficulties in preservation, and is 
considered in Chapter XI, pages 229, 248-51, 260, 262. 

The important thing to remember is that a museum must not be a | 

€ 


€ 


dull, ‘dead and dusty’ collection. Not only myst it be of interest but 
it must reflect the pupils’ interests. The right sort of exhibits, properly 
arranged, and used in due season, can be an abundant and rewarding 
source of teaching nfaterial—a ‘live’ store of examples. 


* Red-letter days’ » 
Nothing brightens up a class more than a lesson taught with all the € 
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skill at a teacher’s command and backed up by some unusual experi- 
ments—which have requited much preparation. Memorable lessons 
of this kind can be arranged iù connexion with, topics such as flames, 
explosions, brightly coloured lights, living specimens, or anything to 
which people deeply and instinctively respond. > 
A lesson on hydrogen may be strikingly illustrated by burning the 
gas, mixed with a little air, or better still, with some undiluted oxygen, 
in large test-tubes. A satisfying explosion, which is not dangerous, 
cccurs. A small quantity, say 50 g., of gunpowder may be prepared 


dol E 
copper wires 


lati. ires — dilute 
platinum wires ERurcacid 


FIGURE 34.—The electrolysis of water: a simple apparatus for the delivery of 
small amounts of a mixture of hydrogen and oxygen—for harmless explosions 
. » 


(the mixture should not bésmade with à pestle in a mortar) on a suit- 
able day, and set alight out of doors. There will be no explosion, but 
à good flare will result. During the electrolysis of water in a simple 
apparatus, such as that.illustrated in Figure 34, the mixed gases may 
be bubbled through soap solution held in a pupil’s hands. When a 
match is applied to the bubbles (well removed from the apparatus), 
there is an explosion which is quite harmless and cannot even be felt. 
(Willingness to allow the explosion to take place in his hand is some 
indication of a pupil’s courage!) 

Experiments on colour have a great appeal. When three sources of 
white light shine through three screens of the three primary colours, 
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a whitg wall, or a large sheet of white paper, illumined by all three, 
still appears white. The various shades made from two primary 
colours only may also, be produced. When an object is piaced be- 
tween the lights and the wall, or,paper, a variety of colouted shadows 
is obtained. To account for the various colours not only,providts an 
exercise in clear thinking, but the coloured shadows are themselves 
most pleasing. 

Experiments with living creatures have a particular fascination:/ 
e.g. the respiration of small creatures; the examination of the movec 
ment of blood in the capillaries of the web of a frog's foot; the des-| 
truction of mosquito larvae when oil is sprayed on the surface of the 
water in a glass-sided tank in which they have been allowed to breed. 

A similar stimulation of interest is often brought about by the per- 
formance of an experiment on a larger scale than usual. Large bottles 
(e.g. 3-litre) may replace conical flasks. An impressive effect is some- 
times obtained by the mere repetition—not essential, perhaps—of 
part of an apparatus. For instance, to show that living creatures 
breathe out carbon dioxide, the air to be purifiéd may be drawn 
through a wash-bottle of caustic soda, a wash-bottle of lime-water, 
and then through still another bottle of lime-water to show that all 
the carbon dioxide has been extracted. After the air has passed 
through the bell-jar in which the creature is breathing, it may be 
drawn through a wash-bottle of lime-water, and then a second bottle 
of lime-water, which will indicate how effectively the first has re- 
moved the gas. Five wash-bottles, with contents clearly labeHed, 
and with air bubbling through them, make a more impressive and 
memorable apparatus than the minimum number of two. « 

. € 
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The weekly ‘quiz’ 

This is a scheme by which, once a week, usually on Friday, a question 
is put on the notice board. To find the answer to ita certain amount 
of original thinking should bg necessary,*or it should require the use 
of reference books. The next week the teacher puts on the board the 
answer to the ‘quiz’ and adds another question. In appropriate cases, 
these weekly quiz questions can be incorporated in competitions for 
house points. The house whose members submit the greatest number 


of correct answers gains a weekly house point. 
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The following are examples of suitable questions:— 

(1) Why was A.D. 1900 not a leap year? 
(2) Why is October (Octo — 8) the tenth month? 

' (3) Do othet heavenly bodies show phases in the same way as the 
mooh? If so, which? : 
(4) The date of the Muslim feast of Ramadan comes 11 days earlier 
in each calendar year. Why is this? 
(5) Why is the element polonium so named? 
(6) What famous chemist was executed by Revolutionaries? 
(7) Find out the names of two great Scientific Societies. Who founded 
them and when? 
(8) Who invented the wheelbarrow? 
(9) Why does the application of alum to a cut help to stop bleeding? 
(10) Why is carbon monoxide poisonous? Where are ordinary people 
likely to come into contact with it? 
(11) Why must every motor-car be provided with *brushes' and where 
are they fitted? 
(12) Shakespeare Wrote:— 


‘For so work the honey bees, 

Creatures that by a rule in nature teach 
The act of order to a peopled kingdom, 
They have a king and officers of sorts? 


> 
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There is an error in this account of the bee community. What is it? 
(13j What is the argument in favour of spelling the word ‘reflexion’, 
instead of ‘reflection’? 

(14) A cube of white wood, each edge of which is 3 inches long, is 
painted red all over. It is then cut into 1-inch cubes. How many of the 
small cubes will have 3, 2, 1, and.0 red sides respectively? 

(15) Under what names can ethyl alcohol, either pure or dilute, be 
bought in this country? 

( 16) A dye used for textiles is rarely the same colour as the article 
appears to be after dyeing."Why is this? 

(17) How much sulphuric acid is imported into this country every 
year? For what purposes is it used? 

(18) What is the most obvious characteristic of flowers of the mallow 
family? 

(19) How many bones are there in a human backbone? 
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(20) What are the names of the tirugs used in the treatment of 
malaria? x 
(21) Why are coloured bottles often uséd for storing chemicals? ' 
Questions concerned with logal lgre (see Chapter VIIi, page 171) ‘ 
are admirable fér a ‘quiz’ of this kind. " 4 


Field excursions 


A class excursion must be planned with care, and for a specific pur- 
pose. Pupils should be given some idea of what they are likely to see, 
and of the points of scientific interest for which they sheuld look. The 
excursion should be followed by some class activity such as the writ- 
ing of descriptive essays; the making of scrap-books with newspaper 
cuttings, pictures, or material produced by the pupils themselves ; the 
production of an article for the school magazine; model-making; and 
so on. « 
Interesting information can be gained if a class is taken at different 
seasons of the year to the same local area to look fór flora and fauna. | 
Points to be noted may include the ways in which living things adapt 
themselves to dry and wet seasons, the different times of flowering 
and fruiting of plants and of breeding of birds, and the presence or 
absence of various species of animal life, especially butterflies. Ong 
of the most interesting subjects of study is the seasonal variation in 
the bird population. It is not difficult to find out, for instance, that 
weaver birds inhabit their colonies for part of the year only ; that 
white egrets and kites, which are so readily identified, are much more 
numerous at some times of the year than at others. The notes of vari- 
ous birds with distinctive songs and calls may be memorizeds Infor- 
mation on many matters of this kind may often be obtained from '* 
members of local natural history societies, who are often pleased to 
invite pupils to co-operate with them in keeping records of the habits 
of local creatures. Such enthusiasts are usually willing to help teachers 
and pupils to identify snakeg and other*reptiles, rodents, birds, etc. 
Suitable organization is essential for any investigations, especially 
in natural history. For example, groups should be small, with not 
more than three pupils and a leader in each, and should work far 
enough apart to avoid disturbance of the wild life, or each other! 
Every pupil should have a definite task, the leader being responsible 
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for collecting all the informatior together at the end. Notes should 
be entered, immediately’ the particular observation has been made, 
ander définite headings. These might be, for.instance :— 


(a) In the’case of flowers: — « 
(i) Place where found, and date (v) Leaves: 


(ii) Size of plant Type (simple, opposite, 
(iii) Kind of ground (farm, etc.) 
forest, rocky, sandy, Shape, kind of edge 
. marsh, etc.) Stalk 
(iv) Flower: etc. 
Type (solitary, in heads, (vi) Fruit: 
etc.) Type 
Size Shape 
Colour Colour 
Shape 
» Number of petals (vii) Root: 
Number of sepals etc. 
etc. 


(5) In the case of birds: 
(i) Place where found, and (vii) Flight (direct, swerving, 


date dipping, gliding, swoop- 
(ii) Size ing, etc.) 
(iii) Habitat (viii) Gait (walk, hop, run, etc.) 


* (iv) Colours of main features (ix) Call 
.(v) Shape of beak, feet, tail, (x) Food 
? wings K (xi) Nest (material, construc- 
(vi) Any special featüres tion, place where found) 
» (xii) Eggs (number, size, 
colour, etc.) 
The numbers and details of headings and sub-headings for any par- 


ticular subject will depend, of course, on the pupils’ age, experience 
and knowledge. Y 


The resources of the community 


In most communities there are individuals who possess special know- 
ledge, for example, of local flora and fauna, or the care of domesti- 
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cated animals. They can be invited fo put their knowledge at the ser- 
vice of the school, either by answering questions by a teacher and his 
class, or by permitting a class to visit the buildings or farms wheré 
they exercisg their particular skill pr crafts. The teacher may be 
warned that to ihvite people inexperienced in the art of teaching to 
deliver a formal lecture to children often results in failure. For that 
reason it is better to invite them to answer questions, so that the 
teacher may keep the subject-matter within the range of interest and 
knowledge of his class. : 
In some areas the government may have set up experimental, 
farms. The interest and help of the agricultural officers is usually 
readily available to the teacher. If any economic product, whether 
agricultural or mineral, is obtained from the area in which a school 
is situated, then contact should be made between the school and those 
in charge of the industry. Permission can then be obtained for classes 
to visit the scene of operations. The information obtained. usually 
provides confirmation of more formal scientific knowledge gained in 
school. The flat, metal evaporating-pans of crude saft works illustrate 
the fact that evaporation takes place more rapidly when a large sur- 
face is exposed. Methods of producing a forced draught are use in 
places where local brass workers exercise their craft. Pupils may note 
the way in which air is kept away from heaps of wood which are being, 
turned into charcoal. To these and many other examples attention 
may be drawn with great profit. The pupil gains a respect for the 
practical knowledge of his countrymen, and the local craftsren 
realize that education is not concerned solely with matters remote 

from everyday life. o 1 
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School exhibitions and *Science fairs" 

It is customary for a school, at least once a year, to invite interested 
people to a display of its various activities. The science department 
can playa considerable part ig such a denfonstration. Ithas apparatus 
which can be set up, experiments to be performed, and a ‘museum 
to display. Because the background of all scientific work is practical, 
it can make an appeal to visitors which more academic activities may 
fail to provide. Pupils who help to organize such an exhibition them- 
selves get a better understanding of the purpose of experiments and 
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the methods used, all the more effectively because unconscious of the 
fact. The astute science teacher knows this and welcomes the occasion 
for that^reason. ; z 

The range of experiments suitable for display and performance 
on such an occasion is wide, and no attempt can be made to list 
them all. 

The science teacher should use the opportunity not merely to im- 
press but to instruct. One and the same experiment can be presented 
in different ways. For example, a row of capillary tubes of different 
sizes, held vertically in a coloured liquid, shows the liquid rising to 
different levels. If the title given to such an experiment is simply 
‘capillarity’ the visitor looks, and passes on no wiser. Pupils who 


WATER RISES IN SMALL TUBES (CAPILLARITY) 


The tiny particles of the glass attract the tiny particles of the water 
and pull them up the tube. When the tube is small the column of 
water inside it is lighter, and so the water is pulled farther up. 


Plants and trees'are provided with bundles of extremely small tubes 
which lead all the way from the roots to the leaves. Water travels 
up these tubes in much the same way. This is one explanation of 
liow water gets from the earth to the leaves of even very tali trees. 


i FIGURE 35.—A typical display card (for apparatus in a school exhibition) 


haye not as yet met the subject in class will likewise be little the 
wiser. But if an explanatory card, with title and explanation (see 
Figure 35), is put near the experiment, an almost meaningless piece 
of apparatus at once becomes an illustration of a phenomenon with 
which everyone is acquainted. 

Selected pupils should be in charge of the various experiments, to 
work or explain them. In the excitement of exhibition day pupils’ 
explanations are sometimes rather incoherent. So at least,one lesson 
may well give place to a conference before the exhibition. The pupils 
can discuss the wording of the explanatory card to be placed by the 
side of each experiment, and thus get practice in reviewing the experi- 
ments critically. In thinking out ways and means of setting out the 
problem so that its purpose is clear, organizing the experiment so that 
the answer is unmistakable, and in thinking out phrases which will 
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succeed in making it clear to others, pupils "wil Memseltes under- 
stand the purport of the experiment all the better. Even‘ the mechani- 
cal act of printing the agreed descriptions on cards will help impress 
the facts on their memories. | . c ‘ 

*Museunt exhibits, charts and diagrams are already at harfd for 
display. Models, in relief, of the human eye, ear, head and abdomen 
always arouse interest. The following list suggests a few of the many 
other exhibits and experiments suitable for the occasion. 


BIOLOGICAL 
Nutrition of plants, illustrating the effect of the lack of various 
elements Respiration of plants 
Transpiration of plants Examples of tropisms 
Growing point of radicle Oxygen from pond weed in 
sunlight 


Germination of seeds 

Experiments showing the physical properties of yaipus soils 
Experiments showing osmosis 

Starch printing with leaves 


CHEMICAL 
Distillation Chemical fountains 
Boiling under reduced pressure The preparation of hydrogen 
The preparation of nitric acid The formation of crystals 
The electrolysis of water s à 
PHYSICAL tn 
Working models of pumps Expériments using a vacuum 
x pump ^ 
Miseni devices: pulleys“ ' 
wheel and axle n 
s levers £ 
gears 9 


Pendulums (simple, fb show that only length matters) 


Experiments with light rays: reflection 
refraction, etc. 


Reflections in large concave and convex mirrors 
Images in plane mirrors at an angle ». 


Q / . 
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2 r 
Small convex and concave lenses (showing the same size of object 
under each) 1 

Pin-hole'camera 2 
Models of solar system : Star charts 
Model Galilean telescope directed to distant object 
Experiments in colour: spectrum 

colour mixing 

Newton's disc 
Model telegraph Electro-plating 
Electro-magnets Electric motors 
Magnetic fields around magnets 


Science clubs 


However well thought out a school syllabus may be, and however 
wide the, range of interests catered for, each individual is likely to 
have his own special enthusiasms. This is true of teachers as well as 
pupils. When a few like-minded individuals get together a club may 
be founded. Numbers are of less importance than the sharing of a 
common interest. 

School clubs should have a teacher as a patron, his task being to 
advise and encourage, to approach the headmaster to ask for any 
special facilities, and to supervise correspondence and invitations to 
visitors. The students should elect from among their own number a 
chairman, secretary, treasurer and committee. The objects of the club 
should be defined, eligibility for membership agreed upon, the num- 
ber and^time of meetings fixed, and the questions of finance and 


- Subscriptions decided. — 


The less the patron is needed to help in organizing the club the 
better. It is for the members themselves to suggest a programme, to 
arrange demonstrations and exhibitions, and to construct models. 
Visits to objects and places of interest may be planned, a film of par- 
ticular Scientific interest may be shown and discussed from time to 
time, and outside speakers may be invited to give occasional talks. 

The interests of the club may be general, with a wide range of 
activities, or more limited as in a photographic club, a mathematical 
society, a model makers’ club, and so on. > 

One profitable activity in which a club may engage is in organizing 
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a ‘nature trail’. A route is selected along a path or track near by, and 


a large-scale map is drawn. Upon the map is marked the position of 
various items of interest along the route: plants, trees, birds’ nests.” 


ant (termite),hills, wasps’ nests, etc.,and furthér items are added as 
they are discovered. When possible the actual objects themselves are 
identified by special permanent (but not too conspicuous) markers. 
Each object is visited at regular intervals throughout the year and its 
condition noted. In this way seasonal changes become evident, and can 
be summarized in reports drawn up by members, or by entry on the 
large-scale map for exhibition on a notice board. 

The types of subject appropriate for talks, illustrated wherever 
possible by pictures, diagrams, charts, specimens, models, etc., are 
suggested in the following list. They are appropriate to a club with 
general interests. 


Colour changes in chemistry 

My model telephone 

Our water supply G 
How big is a drop? 

The life of a famous scientist 

How a motor-car makes and uses electricity 
Jobs open to scientists 

The simplest wireless (radio) set 

How to find a certain star 

Cameras . 
The structure of an atom y 
Prehistoric animals and birds . 
Colour photography 4 ` 
A rare local plant 
Recognizing bird calls 
Fireflies and glow worms 


Talks giver by members should rarely exceed fifteen minutes. Several 
short papers are far better than a long ofle. It must be remembered 
that ‘talks’ do not consist entirely of talking, but should be accom- 
panied by demonstrations of experiments and display of relevant 
material. = 

In schools where laboratory accommodation and facilities are 
limited, much of the effective practical and experimental work for 
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2 
pupils may have to be arranged dutside normal school hours, In such 
circumstances the teacher will find that a science club is one of the 
"best means of organizing the work and stimulating interest. E 
2 


ə 


3 
The science library 


If a school has a room set apart as a library and reading room with 
a responsible person in charge, then a science library can be estab- 
„lished as a section of the general library. Failing this, it is best for a 
science library to be in the care of the science teacher, and for the 
"books to be kept in a science room. It should be possible for pupils 
to see easily what books are available—an important point often 
overlooked when books are kept in cupboards with wood-panelled 
doors, or in rooms not normally open to pupils. 

Books should be available for reference, or for borrowing, without 
undue difficulty or delay, so that even a slight interest may be satisfied 
before it evaporates. 

One advantage of having the books under the immediate control 
of the science master is that he can observe to what extent pupils are 
attracted to additional reading, and note any particular fields of 
interest. 

Occasionally, during a lesson, in response to a question (even 

"though the teacher may know the answer), he can himself search for 

the answer in the books available, and in so doing, give a practical 
demonstration of how to look up information in a library, and give 
guidance on the most suitable kinds of book in which to seek infor- 
mation,about the various fields of science. 

Bopks for a science library can be divided into several categories, 
each serving a particular purpose. The titles given below indicate the 
type of book which is appropriate to each category. 

(a) ‘Inspirational’ books :— 
The wonder book of trains 
of engines 
of invention and discovery 
Man against microbes 
Wonders of pond life 
The harvest of the sea 
Reptiles, large and small 
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, The romance of chemistry* 
Great ends from small beginnings 
The triumph of man over matter;—and also 3 - 
biographies of Pasteur, Fabre, the Curies, Copefnicus, etc, ° 
© e 


The purpose of books of this category is to arouse interest, to show 
the innumerable ways in which science influences our lives, and the 
response that great men and women have made to the challenge of 
the unknown. 


(b) ‘Background’ books :— . 
Electricity in the home : 
The human machine 
The work of a forestry officer 
How new plants are bred . 
The story of coal d 
The story of penicillin i . 
Radar 


How life came on the earth " 


There are vast numbers of books of this type now available, and 
they are of special importance and value for pupils whose home life 
provides little general and ‘background’ knowledge. 


(c) Reference books :— 
| An encyclopaedia " 
A dictionary of science A 
A history of science e 
A book of moths, butterflies, insects 
Local flora E z 
Economic plants ° 
Common birds 
Star atlas and guide 2 
Aftmanacks | * 
Tables of physical constants 


This section should also include some text-books of about the same 
standard of difficulty as the ones in current use by the classes, and 
some slightly more advanced ones. The former are often of great a 
help to pupils, who find that a different presentation of a subject in © 
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another book helps them to understand what their own text-books 
, fail to make clear. The latter are of use to those who wish for more 
extensive or detailed information about some topic. 
* Desultory teading of science books,is not to be discouraged, but 
a teacher cannot be satisfied until his pupils use the library in search 
of definite material. 


(d) Science magazines: Yt has been suggested (Chapter VII, page 133) 
that magazines should be available for pupils to read during spare 
minutes at the end of laboratory periods. They are a constant re- 
minder that science is a growing body of knowledge which finds ever 
new applications in the world around us. The current issues of appro- 
priate magazines should be kept on view in the library. 


The choice of books — Every science teacher has to make a selection 
of books for reference, for his own use, for his pupils’ formal studies, 
and for tHe science library. A list of books is given in Appendix F, 
page 341, to indicate the extent and variety of literature available for 
the various purposes, and as a guide to the choice of a well balanced 
collection. 

Two points must be stressed. (1) In schools where the pupiis have 
done little or no science during their primary courses, they should be 
encouraged to read as many simple science books as possible—and 
to do many of the experiments recommended in them. This is essen- 
tial if the foundations of the secondary course are to be sure and 
firm. For this reason the book list includes some elementary volumes. 
(2) Teachers should keep a look-out for books specially written or 
adapted, for their own country or area. The number of such books 

»increases with the growth and spread of knowledge, as can be seen 
from such titles as: ‘Some tropicdl plants and their uses’, ‘Wild 
flowers of Kenya’, ‘Tropical soil science’, ‘Indian hill birds’, ‘The 
. African and his livestock’, ‘Health in tropical schools’, ‘Animals in 


West: Africa’, etc. > 
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CHAPTER XI 


é The Practica] Teacher ¢ 


Improvising equipment 
Let no one suppose that it is impossible to teach General Science 
without most of the apparatus and equipment listed in Appendix E, 
page 307. Stringent economies may have to be made; the delivery of* 
apparatus and chemicals may be long delayed, or apparatus may be. 
temporarily unobtainable. 3 

The poor teacher complains, blames lack of equipment for the 
dullness of his lessons, and allows his pupils to revert to the dull 
monotony of note-taking and passive learning of the text-book. 
'The good teacher, however, finds in the same circumstances a chal- 
lenge to his ingenuity. With an alert mind he adapts his lessons to the 
materials available. There is always the great *out of doors'; the 
winds and the clouds, the stars, the changing seasons. There are 
germinating seeds to be watched, flowers to be seen, methods of 
fertilization to be noticed; plants to be grown, and the structure dnd 
functions of their various parts to be studied. There are local insects, 
spiders, lizards and frogs, birds and fish which claim attention.e 
Some may be kept in a vivarium or an aquarium. There are small 
animals to be reared, others to be dissected. The human body, that 
amazing laboratory, we always carry around with us, providing" us 
with object lessons in mechanics, light and sound, chemistry,.and 
biology. e E 

Should there be no magnesium or phospliorus to exhibit vividly a 
particular example of oxidation, there are always available on the 
small scale,nails and screws, and on the large scale massive iron 
objects. And though the oxidation of magnesium and phosphorus 
may be móre swift and exciting, the oxidation of iron is vastly more 
important. A . , : 

The list of substitutes for the commoner laboratory equipment 1s as 
long as the teacher is ingenious. With patience, simplified versions 
of more complicated apparatus can be made. In fa ct thesimpler the 
apparatus the better is the pupil able to appreciate the methods 
used and the facts to be illustrated. The refinements required in 
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» 
order to obtain very accurate resalts belong to apparatus more suited - 
to the needs'of advanced students. Such apparatus is often complex, 
and making the various corrections, which, its proper use usually | 
demands, can be a source of more confusion than help to the beginner. 
Sore emergency, or simply the need for economy; can develop the — 
ability to construct apparatus that would otherwise be bought. This — 
gives practice in improvising original devices, and results in a class — 
being confronted with equipment which may be crude, but of which — 
*the function is clear. Such contingencies, far from being a disaster, 
„Provide benefits of great value to both teacher and taught. * 3 
For a rain, gauge there may be no cylindrical brass case, with a 
brass funnel and a measuring cylinder exactly graduated to suit the 
apparatus. Yet it may be noted that in at least one works for the 
extraction of salt from sea-water by evaporation, the night's rainfall 
is measured simply by noting the depth of water in an empty canned 
fruit tin left upright in an exposed place. No better apparatus exists 
for teaching what, precisely, is meant by a ‘rainfall of one inch’, 
Diagrams intehded to show how certain devices work are often 
difficult to follow. It is far better if the pupil can handle the device 
itself, and take it to pieces. It would be unreasonable in most 
instances to treat new instruments in this way, but old, discarded 
„Pieces of apparatus can readily be used for the purpose. Such pieces 
of apparatus, thrown out because no longer serviceable, can often 
be found in junk heaps, in garages, in cycle-repair shops, in radio- 
repair shops, in electric supply stations and in electrical contractors’ 
sheds, All sorts of useful oddments are thrown away by builders, 
and by maintenance men working on engineering and electrical pro- 
jects. All these can be ‘dissected to destruction’, or used lavishly. A 
friendly contractor can save a science laboratory a great deal of 
money at no cost to himself. To make such acquaintances is one of 
. the tasks that lie within the science teacher's proper duty; to acquaint 
his class with the source of his booty, is the teacher’s reasonable 
return to the donor. > 
Suggestions for the construction of "simple" apparatus, equipment —— 
and models, may often be found in good text-books and magazines. 
A school club for model-making can render the science department 
great service. 


The following is a collection of suggestions for equipment which 


0 ü 
© ° : 


THE PRACTICAL TEACHER 229 


o 
can be substituted for items includéd in Appendix E, part I. Instruc- 
tions are given for making some pieces of apparatu$, but the list 
is by no means exhaustive, and teachers should be continually on the 
look out for useful additions., — . 7 9 
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NOTES ON SOME POSSIBLE IMPROVISATIONS 


Accumulators, lead—Car batteries are of this type. Old accumula- 
tors can be obtained from garages. They can be cut through with«a 
hack-saw to show the construction of the plates, the wooden 
separators, etc. Notes on the charging of batteries are given in 
Chapter IX, page 194, and details of the solutions in this chapter, 
pages 265-6. 

Aluminium sheet—Off-cuts from roofing sheets can often be found 
among building contractors' junk. 

Ammeters—These form part of the equipment found on the, 
instrument panel of any car. They are often obtainable from old 
cars at a garage. * 

Armatures—The self-starter of a car is an electric motor, and an 
old one is often obtainable at a garage. The motor should be partly 
dismantled to show the armature (the part that turns round) with its 
commutator and brushes. : 

Asbestos sheets—Off-cuts of asbestos sheeting can usually be foun 
in builders’ junk. Pieces may be cut into convenient square or rec- 
tangular shapes with a hack-saw. ^ s 

Beakers—Empty jam-jars are a useful substitute, if the jars and 
contents are not to be heated. Cigarette or canned fruit tins can be 
used for heating liquids. . " 

Botanical specimens—These can be pressed and dried between T 
sheets of newspaper. A large number of specimens can be pressed at 
one time^if a sheet of stiff corrugated paper, such as is used for 
packing,eis placed between every three or four specimens. 

Bottles: Narrow neck, for liquids—V&rious kinds and sizes, which, 
when originally purchased from drug and haberdashery stores, con- 
tained medicines, etc., may be used. Those with plastic screw-tops 
are to be preferred. The paper, or rubber, washer inside the screw- 
top must be removed and washed, or replaced. 

Wide-neck, for solids—1 Ib. and 2 Ib. empty jam-jars can be used. z 
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Sweets are frequently sold in screW-top wide-neck bottles, and these 
. are very suitable for solid chemicals. Very large screw-top wide- 
teck bottles can be used for storing solid chemicals, i.e. as the stock 

= bottles front which smaller containers are refilled periodically. 


y ae 2 (b) 
® FIGURE 37.—Socket and plug as substitute for commutator 


A—first side of plug facing” user 
B—plug turned over so that Opposite side faces user , 


Calorimeters ; Large—Em ty 2-Ib. canned fruit tins can?be used. 
Small—Empty 1 Ib. canned fruit tins, er cigarette or tobacco tins, 
can be used. If quantitative measurements are being made, it should 
be remembered that ‘tin’ is mainly iron covered with a very thin 
layer of tin. The Specific heat of the ‘tin’ can be taken as 0-11 calories 

,. Per gram. 


Clips, spring (for rectangular mirrors)—A wooden rectangular 


? 
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block, with a saw-cut vertically ddéwn one face, will usually hold 
plane mirrors satisfactorily. Two such blocks are bettér, and can 
also be used for spherical mirrors and lenses (see Figure 36). Clothes « 
pegs of the spring type also make satisfactory mirror and leis holders. © 

Cloths, polishilg—Any clean, soft rags are suitable for most pur- 
poses, but expensive lenses need special, soft cleaners. 

Collecting boxes, glass-topped—A rectangle of ordinary window, or 
picture, glass can be cut so that it is somewhat smaller than the lid 
of a rectangular cardboard box. A rectangular hole, smaller than the « 
piece of glass, is made in the lid. The glass is put over the hole and | 
bound in place with strips of adhesive material. Transparent adhesive 
strips are the most suitable. The making of such boxes provides a 
useful activity for a handwork class. 
Vasculum—A large shallow (e.g. biscuit) tin, though not as con- P 
veniently shaped as the botanist’s vasculum, will serve the purpose. 
The lid must be a reasonably good fit. $ 

Commutators (for reversing the direction of a current)—These 
switches are useful, but expensive and rarely * 
essential. A two-pin plug and socket obtainable 
from a radio supply shop will serve. A reversal of 
the positions of the pins in the socket, as from (a) 
to (b) in Figure 37, means that the direction of 
the current through the apparatus is reversed. In 
countries where Edison screw fittings are not 
available, a bayonet adaptor and lamp-socket can 
be used in the same way. Commutators involving 
the use of mercury in small ‘cups’ are seldom 
necessary and cannot be recommended. ° 

Condensers, electric—Fixed and, variable types 
can often bg found among the junk in a wireless 
repair shop. 

Cork presser—(See ‘Tricks of the Trade’, 
page 251.) ° : 


o 


FIGURE 38. Substitute for ‘bucket and cylinder" (in a 
demonstration of Archimedes' principle), see page 232: 


A —empty tin (small) PA 
B—tin of equal size filled to brim with wax 
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Cylinder and bucket —Two srfall tins of equal size are required to 

make an effective substitute for the usual apparatus. One is filled 

* with molten paraffin wax, which is allowed to set.! They are then 

* attached fo one another as shown, and may be suspended in water 
froħ a balance in the usual way (see Figure 38). 

Dip circle—The angle of dip in the tropics is usually very small. 
Unless a sensitive and expensive apparatus is purchased and cor- 
rections for the various errors applied, the values obtained are very 

* approximate, so that the experiment is not impressive and may well 
, be omitted at this stage. 
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FIGURE 39.— The construction of Crova's disc. (The rotating disc is covered 
by a sheet of cardboard with a slot cut out as shown. One circle, e.g. (9), may 
be coloured) 


H The wax used must be denser than water, or some small clean stones may be 
put into the tin before the wax is added, 
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Disc, Crova's (for demonstrating longitudinal waves)—In the 
middle of a large piece of white drawing paper, a circle (0) with 
centre X, and radius 1-inch is drawn, as in Figure 39. The circuni- 
ference is divided into 8 equal, parts at the peints A, B; C, D, E, F, © 
G, H. With ceritre A, a circle (1) is drawn, so that it lies just ofitside 
(0). With centre B, a circle (2) is drawn, so that it lies just outside 
(1). With centre C, a circle (3) is drawn, so that it lies just outside 
(2); and so on. After circle (8), with centre H, has been drawn, circle 
(9), with centre A, is put in, and the process is continued until the 
paper is full. The paper is then pasted on to a piece of stiff cardboard, 
and cut into a disc with centre X. The disc is rotated about X. 
The circles should be drawn with thick lines, to make them easily 
visible from a distance. One circle, e.g. (9), may be coloured red. A 
slot, about 4-inch wide, is cut in a large piece of cardboard, which — . 
covers the disc, as shown. When the disc rotates, only the lines 
immediately behind the slot can be seen. Te 

Dishes—Enamel and glass dishes suitable for much of the biological 
work in the course can usually 2 
be obtained locally. 

Dissecting needles—A large 
pin is bent twice, at right- 
angles, and put into a slit in 
the end of a pencil or pen- 
holder. The pin is bound in 
place with cotton or fine wire 
(see Figure 40). 


LJ 


notth ————! pin 
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FIGURE 40.—A home-made 
dissecting needle 


Diver, Cartesian—A small test-tube has a piece of copper gauze , 
plugged into the open end. Lead shot are placed in the test-tube a < 


‘Cartesian diver’ 
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few at a time, until it will almost sink when placed in an inverted 

position in a Blass cylinder of water (see Figure 41). 

* Electrodes, platinum—A convenient type can be made by inserting 
? a piece of platinum wire, 1 inch in length, in the end of a glass tube, 

which is then sealed by softening in a flame. The tubë is then bent as 

shown in Figure 42. Contact between the copper lead-in wire and 


z + 2 copper wires D = 
test tubes im ia 


PA 


^ acidified water 


FIGURE 42.—Simple electrodes for the electrolysis of water 


the electrode is made by filling the U of the tube with «mercury. 

(Two Such electrodes readily show the electrolysis of acidified 
water in a jar.) 2 

‘Eureka’ (overflow) can—Two vertical and parallel cuts, of exactly 

the same length, are made down the side of a tin. The tongue of 

x metal thus formed is bent outwards. A concave groove is made 

along the tongue by tapping with a ball-headed hammer or an iron 
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rod (see Figure 43). The object, the' volume of which is to be found, 
is inserted slowly, so that all the displaced liquid flows down the , 
groove into the receiving vessel. y% 
Filter paper—There are times when it is’ 
useful to remeinber that a sheet of white 
blotting paper can be used in place of filter 


paper. hammer) 
E lightly 
Fuse holders, porcelain—These can usually here 


be found in the junk heap of a contractor for o 
electrical installations. 

Gauge, pressure (Bourdon)—The commonest D 
instrument for measuring pressure is the 
Bourdon gauge. The oil-pressure gauge on the 
instrument panel of a car is of this type; so D 
are the gauges attached to pressure cookers, 
steam sterilizers, autoclaves, etc. Most of these do qe mas 
gauges register the difference between atmo- ^ thoy (‘Eureka’) 
spheric pressure and the pressure to be deter- can 
mined. That is, an actual pressure of 15 Ib. 
per sq. inch shows zero on the scale, while an actual pressure 
of 25 Ib. per sq. inch shows only 10 Ib. per sq. inch on the scale. If 
actual pressures are to be shown on the instrument the needle, 
must be removed and replaced so that the instrument shows about 
15 lb. per sq. inch on the scale under ordinary conditions. The 
gauges, even when salvaged from old and abandoned cars, are usually 
in satisfactory working order. ree M 

It is easy to make a model to demonstrate the principle on which 
the gauge works. Two pieces of paper, one'stiff, about 8 inches «il 
inch, the other softer (e.g. note-paper) about 84 X E inches are 
placed together. A 4-inch margin of the larger piece is turned over 
along the sides and one end of the smaller piece. These edges are 
then stuckedown by the minimum amount of gum. While still wet 
the two layers are rolled intg a tight roll, held in position with a 
rubber band, ang allowed to dry. The paper remains curled up when 
the rubber band is removed. If the coil is unrolled a little and air is 
blown into the space between the strips, the coil will tend to unroll 
further (see Figure 44). The greater the pressure of air, the more i! " 
unrolls. A Bourdon gauge contains a hollow coil, which is connecte: 
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(c) ai 


blown in 
FIGURE 44.—To show the principle of the Bourdon gauge 


(a) Strip of soft paper gummed round stiffer strip 
(b) Strips rolled and held in position by rubber ring 
(c) Increase of pressure unrolls the coil 


„to the source of pressure, whether liquid or gas. The greater 
the pressure the more the coil unrolls. A needle attached to the coil 
moves over a dial and records the amount of unrolling and thus of 
the: increase in pressure. 

Gauge, rain—If local records show that the greatest rainfall in 
any 24 hours amounted to 8 inches, for example, then the size of the 
bottle should be soméiwhat larger than would hold this amount 
of rain. Otherwise, if the bottle is too small, and the rainfall 
is about to set up a new record, the bottle will overflow and the 
apparatus will fail to measure the exceptional amount. 

Any tin or jar, of uniform cross-section and diameter, preferably 
not less than 6 inches, can be left in the open and used as a rain 
gauge. The depth of water in the tin is measured by a ‘dip-stick’, 
ie. a graduated metal or wooden rod or bar. (The zero of the scale 
must coincide with the end of the measuring rod—which it does not 
do in the case of ordinary class-room rulers.) 


A gauge intended to yield more accurate results is shown in 
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Figure 45. The minimum diametes for the mouth of the funnel is 

6 inches. The approximate value for a heavy rainfall may be obtained 

by a dip-stick or the careful use of a ruler outside the jat—if the 

internal diameter of thé jar is the same as that of the mouth of the 
© s © 
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FIGURE 45.—Rain gauge (a) and measuring vessel (b) 


(It is usual to protect the glass bottle by standing it inside a tin. Two coils of thick string prevent 
contact between tin and bottle) e 


funnel. But the diameters are unlikely to.be the same, and in any 
case there must be a better method of measurement. The water can 
be poured into a narrow glass cylinder and its depth measured. If 
H represerfts the rainfall, L the depth of the water in the cylinder, 
f the diameter of the funnel and c that of the cylinder, then the 


volume: e * 
9 : 2 Seba 
V=Hr 7 A 
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Thus, if f = 6 inches and c=2 inches, 7; = 4 so that 9 inches of 
water in the cylinder represent a rainfall of 1 inch. 

To avoid'calculatien after every, measurement, it is usual to 
graduate the cylinder, e.g. by marks on a strip of paper gummed to 
its side and waxed over for protection. In the above instance, 9 inches 
on the paper would be equivalent to 1 inch of rain, and the 9-inch 
length could be divided into tenths and hundredths to represent 
tenths and hundredths of an inch of rain. 

. Hare's apparatus—This can be set up using straight glass tubing 
and a glass or metal T-piece, with rubber-tubing connexions. It can 
be fastened to a wooden stand by brass saddles, or the long tubes 
may be held in two separate burette clamps fixed on one stand. 

Hydrometers—These can be made from broken pipettes. The 
broken tube is sealed off just below the bulb, and a suitable amount 
of small lead shot is inserted (Figure 46). The 
end of the tube is closed with a rubber, or 
cork, stopper. (A suitable stopper is often left 
in the borer when a hole is made through a 
cork.) The stem is calibrated with thin rings 
of white paint or quick drying enamel, or 
marked with grease pencil. 

Hygrometer: Dew-point apparatus—To find 
the approximate value of the dew-point, à 


cork 


[I] 


? brokenend 


beaker, one-third fullof water at room tempera- 
ture, is provided with a stirrer and a thermo- 
meter. Ice-cold water is added very slowly, with 
constant stirring, until a mist begins to form on 


m sealed off the outside of the beaker. The temperature 
URE 46.—A at which the mi é ; is - 
hydrometer (made oci. mist first appears is the dew 
from a broken P x 

, Pipette) Inclined plane—An adjustable plang can be 


made by a handwork class. Two pieces of 

wood, about 2 feet x 4 inches, are hinged together at one end, 
as shown in Figure 47. The lower one has a slot cut deeply and 
centrally along its length. The angle between the lower piece, 
which rests horizontally, and the other plane, is adjusted by 
using any wedge, block, or other device to hand. The pulley and 
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roller are made. from *Meccano' parts. Two wheels are sufficient, 
but more can be added to give extra weight. The pan fèr weights is 
the lid of a cigarette or tobacco tin. Saat Qua 

Insulators—Various types can be picked up among*junk in a «' 
wireless repair shop. Larger ones can be found in an eleetric 
power station, 


metal 
strip 
screwed. 
on 


4 neck from broken 
distilling flask 


o 
block 


Ja Pent] 


. 
FIGURE 47.—The simple construction FIGURE 48.—A s&bstitute for a 
of an 'inclined plane' apparatus Kipp's apparatus AW 


e 
Kipp's apparatus—A good substitute can be set up by makifig use, 

of the neck (with side tube) cut frem a broken distilling flask. This 
and a funngl are fitted through a cork into the mouth of a gas-jar 
or wide-necked bottle, which contains pieces of broken glass to a 
depth of dbout an inch (see Figure 48). The stem of the funnel is 
extended to reach the bottom. of the bottle by means of a glass tube 
with rubber connexion. This apparatus is convenient for generating 
hydrogen, carbon dioxide, hydrogen sulphide, etc. 


! Toy constructional sets often contain parts which are very useful in making 
apparatus. *Meccano' is one such toy, familiar to all English boys. < 
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Lenses, watchmaker *5-—These are rather difficult for the unprac- 
tised to hold vasily between cheek and eyebrow. But attached to an 
empty spéctacle frame, in the place of one lens, they are far more 


) 


FIGURE 49.—How to hold a watchmaker’s lens 


useful than a hand lens, if the wearer wishes to do a dissection, or 
to examine insects, flowers, etc. (see Figure 49). 
Leslie's cube—A substitute for experiments with a Leslie’s cube is 


» 


A B 


electric lamp 


differential 
thermoscope 


z> » 
FIGURE 50.—An apparatus for use in place;of ‘Leslie’s cube’ 


arranged by placing an electric lamp midway between the bulbs 
A and B of a differential thermoscope. The bulbs can be coated with 
» aluminium paint, dead black, white paint, etc., in turn, and the 
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comparative rates at which the bulbs so surfaced absorb heat can 
be recorded (see Figure 50). e 

Magnets, electro-—A. bundle of about 12 ordinary náils, half 
pointing one way, half the other, is wound round c o 
with about 20 sards of D.C.C.!*copper wire, 
S.W.G.? 32 (see Figure 51). 

Magnetometer—Two — half-metre scales are 
placed end to end in a straight line, with zero 
ends touching. A magnetic compass is arranged 
so that the centre lies over the junction. The 
more sensitive the compass, the more efficient is 
the apparatus. 

Mirrors, plane—A discarded broken mirror can 
often be cut into a number of small rectangular 


: FIGURE 51.—A 
Mt. very simpleelectro- 
Monochord (Sonometer)—An adequate appar- magnet 


atus may be fixed up along a laboratory bench 

or table, provided a pulley can be fixed by a clampsto the end of the 
bench. For comparing the notes given out by wires of the same 
length but differing thickness, the two wires are fastened end to end, 


G clamp (a) pulley 
i 


bridges — —— [| 


PP | 


table or bench top 


Tb) 


FIGURE 52.—A readily-arranged monochord (a). (b) shows an enlargement 
of a simply constructed adjustable bridge 


1 Double cotton covered. ? Standard wire gauge. < 
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and four bridges are used. A bridge of adjustable height can be made 

with two similar wooden wedges and a triangular file (see Figure 52). 

> Motors, electric—Discarded ‘starter’ motors, from a garage, are 

> most usefu? for demonstrating the parts of an electric motor. 
Dynainos can be obtained from the same source. 

Opisometers—These can be made from a *Meccano' or other 

constructional set (see Figure 53). 
Paper, drying for botanical specimens 


scratch on side — See ‘Botanical specimens’, page 229. 
of cogged wheel $ £3 Mee 
Rain gauge—See ‘Gauge, rain’, 

page 236. 


Resistance, electric, fixed—First, the 
required resistance (approximate), in 
FIGURE 53.—An opisometer ohms, must be decided upon. Then, 

from the table in Appendix J, page 
363, may be found the length of copper wire needed to pro- 
vide that resistance. For example, to make a resistance of 10 ohms, 
10 — 0:29 mette9 of 32 S.W.G. copper wire are needed. But 
because the resistance of ‘eureka’ wire is 30 times the resistance 
of copper wire of the same size, the length of ‘eureka’ wire rec uired 
would be 5 x 30 
wire (D.S.C.! 32 S.W.G.) is measured off and wound round a 
‘former’ (a stiff roll of cardboard, a wooden reel, a cardboard 
cylinder from inside a roll of toilet 
paper, or a length of ebonite rod). ELE 
It is wound non-inductively, the turns E RUNS V e 
of one half being wound in one gu 3 7 
direction, and of the other half in ur. 5 
the opposite direction (see Figure 54). i 

Resistances, electric, variable (Rheo- n E Ed Rep kenan 
stats)—A discarded volume control (The wire is first put through holes 3 
switth of this type cən often be ob- 34,5, crt equa lengths cds being 
tained from the junk in a wireless "ed thrash holes 2, 1 and 3, © 
repair shop. It can be mounted on 
a piece of wood or ebonite. A resistance of this kind provides 
_ a useful control for electrolysis experiments. 

! Double silk covered. 


metres = 1:15 metres. 1:15 metres of ‘eureka’ 


v 
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Riders for balance beams— These can readily be made from 
aluminium wire. e 
Ring, iron—This can usually be made by a local blacksmith to any: 
desired size, Alternatively, iron, wire can be wound ovef pieces of 
string lying on the outside of a cylindrical ‘former’ (e.g..a tin 6r a 
cardboard cylinder). The string is tied so that it secures the turns of 
wire; the wire ring is slipped off the ‘former’, and wrapped with 
insulating tape to keep it in shape. 
Rubber circles (e.g. for foot-operated bellows)—An unperished. 
section is cut from a discarded football bladder. 


FIGURE 55.—Cutting rubber FIGURE 56.—Thé cheapest test- 
bands or rings tube holder  , 
© 
Rubber rings—Rings can be sliced from the worn-out inner tube 
. LJ 
of a bicycle tyre (see Figure 55). J 
Scale-paris—The lids of cylindrical tins can be used. Instructions 
for arranging the suspending strings are given on page 259. 
Test-tube holders—A piece of paper, folded ipto a strip of four to 
eight thicknesses, is aneadequitte substitute when wrapped round the 
tube (Figure 56). ne 
Transformers—Discarded transformers can usually be obtaine 
from the junk in a wireless repair shop. Suppliers of electrical 
apparatus sometimes have burnt-out transformers taken from old 
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refrigerators, etc., and when pastly dismantled these readily show 
their construetion and, in particular, the way in which the iron core 
is made üp of many thin sheets of the metal. 

Tripods—Temporaty. contrivances can be made from large cylin- - 
dricai tins which have both lid and base removed (see Figure 57). 


wv 


FIGURE 57.—An improvised tripod stand 
(V-shaped pieces are cut out of the tin, and the feet are bent outwards) 


2 

Vernier model—A large-scale model, measuring perhaps 6 feet 
long, can be made in a handwork department. If the divisions are 
ae white they can more easily be seen by everybody in a large 
class. : 

Weight thermometers—Small density-bottles can be used in place 
of the usual type. . > . 

Wheatstone's bridge (and potentiometér)—A piece of well-seasoned 
board is essential. Permanent connexion between the terminals can — 
be made with copper strip, but bare copper wire, S. W.G. 16, is quite 
adequate for most purposes. Bare ‘contra’ or ‘eureka’ wire, 26 to 
~ 32 S.W.G., will serve for the resistance wire (see Figure 58). 
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metre scale R well-seasoned board 


FIGURE 58.—A Wheatstone’s bridge x 


— Bare resistance wire (S.W. Ve 26-32) 
Whale copper wire (S.W.G. 16) bi 


Laboratory technique 


In the course of his career the science teacher discovers better, 
quicker or more convenient ways of doing things. His methods of 
laboratory maintenance, his handling of apparatus and experimental 
procedure gradually improve with practice and experience. The wise 
teacher is never too oldto learn: hewill remain congtantly on the alert 
for ‘useful tips’, and will probably keep a book in which to make a 
note of any he finds. It is possible to pick up innumerable hints, sug- 
gestions, details of technique and procedure, of which the inexperi- 
enced teacher in particular is unaware. The following lists contain 
a selection of detailed information of this kind, which may be of 
assistance in the daily work of the laboratory. 


[: 


‘TRICKS OF THE TRADE’ 


c 


(Notes on the care, maintenance and use of agers common apparatus) 


^ 


Ammeters and voltmeters—The moving-coil type is the common 
one in the school laboratory and 6n the instrument panel of an auto- 
mobile, aríd is suitable for use on any direct current (D.C.) supply of 
electricity. But industrial and household supplies are usually of alter- 
nating current (A.C.), for the measurement of which ammeters must 
be of the moving-iroa, or the hot-wire, type. The same applies to 
voltmeters. 

Instruments with a zero-centred scale are often preferable to those 
graduated from zero upwards, because it is not always easy to 
decide upon the direction of the current in a circuit. This does not « 


a 
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What is Dh ru ; x 
sumpt. 
Instrument | - measured Symbol | Position mption 
° 
> See ian “ee - 
Ammeter | Current Corl | Inseries | The instrument has no resis- 
* , tance, leaving the total resis- 
| tance of the circuit unaltered. 
Voltmeter | Voltage V or E | In parallel | The instrument offers infinite 
| or Dr Si | resistance, taking none of the 
Potential P.D. | total current in the circuit. 
> i | 
MEC op | (In general, the better the qual- 
Electro- ity of the instrument, the more 
noire EMF. ee x these assumptions 
force | ; 


FIGURE 59,—The ammeter and the voltmeter in a circuit 


matter in the case of a zero-centre instrument, and there is no need 
to change the terminal connexions. The table (Figure 59) ‘gives 
further informatioti. 

Barometer tube and bell-jar (in the experiment to show that air 
pressure supports a column of mercury in a tube)—The tube is 


barometer tube 


large crucible 
of mercury 


FIGURE 60.—Manipulation of a barometer tube in a reduced 
pressure experiment 
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passed through the hole in the stepper (it must fit well) and then 
through the neck of the jar, as shown in Figure 60. It'is, then filled 
with mercury (see ‘Mercury’ below). The tube, and the neck of the 
jar, are held in one hand while it is inverted over mercury in a large 
crucible on the vacuum pump table. The jar is placed in positio and 
the stopper gradually eased down the tube into the neck. (Vaseline 
or rubber lubricant helps in this operation, but patience is the 
greatest asset.) 

Boyle’s law apparatus—A glass J-tube can be replaced by two, 
tubes, the shorter one sealed at one end, joined by rubber pressure- 
tubing. These can be set up in the | 
appropriate J-shape in a stand. 
It is easier to get the right amount 
of air into the short tube when 
both tubes can at first be made to 
lean, independently, in any direc- 


tion (see Figure 61). an ang 
Cleaning of glassware—100 g. » 

of potassium dichromate are dis- 

solved in a solution of 100 g. 

concentrated sulphuric acid in 1 stand 


litre of water. Glassware can be 
soaked in the solution, which may 
be used over and over again. 
CAUTION: great care should be 
taken to avoid getting this very 
corrosive solution on skin or 
clothes. 

The teacher should use his, 
knowledge of chemistry to re- 
move stains of known origin. If 
dirty vessels have contained alkalis, 
or salts with alkaline reactions, 
then obviously the cléaning effect FIGURE 61.—Boyle's law 
of a little dilute acid should first apparatus 
be tried; if the stain is due to A 3 4 
potassium permanganate, then the effect of sodium sulphitesolution, — 
acidified with dilute sulphuric acid, should be tried; etc. * 


dry air trapped 
by mercury 
clamp > 


© 


pressure tubing 
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Alkalis slowly attack glass, and bottles which have contained 
caustic soda, etc., for a long time, will never recover their original 
^ transparehcy. 

* Cleaning of mercury—When mercury, flowing over a surface, 
begins to leave ‘tails’, it should ‘be cleaned. It is allowed to drip 
into a tall cylinder containing nitric acid slightly more dilute than’ 
the usual bench reagent. If the mercury falls through the acid in a 
fine stream, as it does when made to pass through a capillary tube 
attached to the end of a funnel, so much the better (see Figure 62), 

The mercury is then shaken up with 

water in a strong bottle to wash it 

free from acid. Finally it is allowed 
to pass through a pin-hole made in 
the middle of a filter paper, which 
rubber connexion is folded in a funnel in the usual 
way. The last drops of mercury re- 
maining in the funnel should be kept 
quy MM for the next occasion when mercury 
is cleaned. The mercury may be 
warmed in an air oven before the final 
filtering, if required particularly dry. 
Cleaning of paint brushes—After 
the removal of as much paint as 
possible, the brushes should be 
washed out immediately with warm 
water and soap. 
Collections of biological material— 


dilute nitric acid 


EA *. These have little value unless they 
FIGURE 62.—The cleaning of "dre, kept in good condition, and 
mercury the various kinds require different 

treatment. n 


Flowers and plants—A collection of dried specimens is called a 
herbarium. Its main. purpose is to provide a supply of identified 
plants for general reference and to facilitate the naming of freshly 
collected specimens. Further, the teacher has always at hand a 
supply of material with which to illustrate the various kinds of 

. flowers, leaves, fruit and roots, A specimen is not complete until all 
) 7 the parts of a plant are present. As flowers and fruits do not always 
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appear at the same time, it may be necessary to collect specimens of a 
plant on more than one occasion. e 

Plants can be dried by pressing between sheets of newspaper. 
Special paper can be purchased for the purpose, but newspaper makes 
a satisfactory substitute if two or three sheets are put on each sice of 
the specimen. A number of layers of specimens can be pressed at the 
same time. Drying is assisted by insertion of sheets of stiff corrugated 
paper between every few layers. The pressing can be carried out by 
putting the sheets, on a table, under a heavily weighted drawing, 
board. But drying is quicker between two wire frames pressed 
together by spring fasteners, adjustable screw fasteners, or straps. 
For the first few days the specimens should be removed and placed 
between fresh dry paper every day, but as they become drier the 
changes need be made less frequently. 

Specimens are less subject to the growth of mould if brushed over 
gently with a solution of 4 g. of mercuric chloride in 100 ml. of 
methylated spirit. The specimens should then be gummed, or glued, 
to sheets of stiff drawing paper, or to cards (about«10 x 18 inches), 
specially made for the purpose. The gum, or glue, should be made up 
with a little mercuric chloride, which also helps to repel insects. 
Alternatively, or in addition, the specimen can be sewn to the cards, 
or fastened to it with transparent adhesive tape.’ 


Each specimen should be labelled with at least: (a) the name and. 


family of the species; (b) the name of the person, or body, which has 
identified the specimen; (c) the place and date of finding; and (4).the 
name of the finder. i 

Fruits or other bulky material associated with the specimen may 
have to be labelled and stored separately, but small seeds can be put 
in an envelope and attached to the mounting card. M 

Insects—These are best killed in a wide-mouthed bottle containing 
a suitable poison. A killing-bottle is easily made as follows. Some 
plaster of Paris is stirred to a thin paste with a 20 per cent. solution 
of potassium cyanide (the ‘commercial’ anixtuge of potassium and 
sodium cyanides is satisfactory) and quickly poured, to a depth of 


1 Specimens should not be mounted if they are to be sent to an expert mt 
identification, or if the school co-operates with a herbarium (such as us of t a 
botany department of a university) under professional supervision. The experts 


prefer to mount specimens according to their own systems. 
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about 4-inch, into the bottom of the bottle, where it soon sets hard. 


The bottle should have a screw-cap or a well-fitting air-tight stopper, 
when it will remain effective for some months. 

A captured insect merely becomes jnsensitive when first put into a 
killing bottle, so it should be left for a few hours until it is dead. Tt 
may then be removed to a setting-board. A good substitute for the 
usual ‘board’ with half-round groove consists of two sheets of com- 
pressed cork, or thick cardboard, with a gap between their edges, 
fixed on a third sheet, as shown in Figure 63. The setting-board 
should be just large enough to hold the insect satisfactorily. A long 
thin pin, of the ‘entomological’ type, is then pushed through the 
middle of the insect's thorax, securing it in position in the groove. 
The wings, legs and antennae 
are then spread out carefully 
by means of seekers or fine 
tweezers, and kept in place by 
narrow strips of paper. (The 
strips are held down by pins, 
which must not touch the in- 
sect.) The specimen must now 
be dried thoroughly—not 
always an easy matter in the 
tropics, unless the setting-board 
can be left in a desiccator for 
some days. When it is dry the strips of paper are removed, as the 
various parts or the insect will now remain in place. It tends to be 
brittle, so no attempt should be made to move the thorax pin. By 
means of this pin the ifisect is lifted from the setting-board and 
pinned in a suitable position on the mounting-card. This is a sheet 
of cardboard or compressed cork previously cut to fit the bottom of 
a flat tin or other suitable box, the lid of which may be réplaced by 
a glass top—by the method described under ‘Collecting boxes’, 
page 231. eS " 

The preservation of specimens in the fropics»is somewhat difficult, 
the chief problem being to prevent the attack of various kinds of ants. 
Some minute species seem eager for viscera, fresh or dried, and deter- 
mined to remove everything except head, thorax and wings. The 
"Specimens must be kept, therefore, either in ant-tight cases, or in 


"FIGURE 63.— Setting out an insect 
specimen 
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cases on some support completely surrounded by liquid. (Water 
requires frequent replacement owing to evaporation, and a layer of 
oil or disinfectant to prevent mosquitoes from breeding. Disused 
engine-oil, from a car simp, needs much less attention and is just 
as effective a$ water.) Probably the bést answer to the problem is to 
keep the insect boxes on a table with its legs standing in tins of 
oil or disinfectant. The legs remain clean and dry if they stand 
on smaller tins inverted in the middle of the liquid. Ants and 
other harmful pests are unable to cross the liquid surface. t 

Other biological specimens—Amphibians, reptiles, birds and 


mammals are killed with chloroform, a pad of cotton wool, soaked ' 


in the liquid, being placed in the containing box. Mammals can 
be preserved in either 70 per cent. alcohol or 4 per cent. formalin. 
Amphibians, reptiles, molluscs and crustaceans are most suitably 
preserved in alcohol. 

The cleaning of small skeletons, and the removal of viscera from 
large horny beetles, are jobs which, in the tropics, can be left to 
ants. The dead creatures are exposed in a suitable place. Their 
presence is soon detected by various ants, and before long a 
perfectly cleaned specimen remains. Bones can be scrubbed with 
an old toothbrush; bleaching powder should first be applied, and 
then hydrogen peroxide. 

Corks—Before use, and before boring, corks should be softened by 
placing them on the floor and rolling them to and fro under the foot. 

Corks can be made reasonably air-tight by soaking in a bath of 
molten paraffin wax. (The wax is hot enough when it begins to 
smoke.) aes 

Boring of corks —This should be done witlt the borer held horizon- 
tally. Not too much force should be ysed, but the borer twisted a 
great deal. The borer should be wOrked part way through the cork 
from one efid, then, to meet the first cut, from the other end. The 
borer and cork should be kept wet during the process. 

Coloured light—Gelatine filters are apt, to crack. The colours «of 
the red, green and blue electtic lamps, such as are often used for 
decorative illuminations, are less pure but are almost as satisfactory 
for coloured shadow effects. The colour of these bulbs is fairly 
durable. Each lamp is easily screened by mounting it in a cardboard 
(e.g. blackboard-chalk) box. 
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Density determination with a pencil—The density of a liquid can be 
found by floating a pencil, vertically, point upwards, in the liquid, 
and then in water. The ratio of the lengths immersed in the two 
; liquids givos the specific gravity. The liquid is usually placed in a 
meacuring cylinder. It is rarely that, without advice, a student will 
fill the cylinder sufficiently full to enable the pencil, while floating, 
to be handled conveniently. 

Drying of apparatus—After washing glass apparatus it is best to 
let it drain on a rack and leave it to dry. But, if the apparatus 
has to be dried quickly, the process can be hastened by rinsing 
it out with a little methylated or industrial spirit after ordinary 


metal or hard glass tube l 
apparatus 
E De dried 


FIGURE 64.—A method of drying out apparatus 


washing. Whether wet with water or spirit the apparatus can be 
driec still more rapidly by blowing a current of air through it by 
means of foot-bellows. If the air first goes through a heated tube the 
time of drying can be very considerably reduced; but glassware never 
looks quite so clean when hot air is used to dry it (see Figure 64). 
Flexible electric cable (‘flex’)—The frayed ends of the cuter cotton 
or silk covering can be kept tidy by applying a drop of liquid glue 
to the frayed material and twisting it around, with the glue, between 
the fingers. rs . è 
Galvanometers—These will only carry a very small current, usually 
about one-hundredth of an ampere. They are generally used with a 
high resistance in series, or a low resistance in parallel (a shunt). 
If the instrument is used to determine the moment when no current 
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is passing in a circuit (e.g. with Wheatstone’s bridges, ‘Post Office’ 
boxes, ctc.), it should at first be protected by connecting a piece of 
copper wire across the terminals. The null point is found approxi-, 
mately. The copper wirt is then removed and the full sensitivity of 
the instrument allowed to come int play. : ‘ 

Pupils should not be permitted to use one of these sensitive instru- 
ments without the wire shunt until the teacher has checked the circuit 
and given permission for it to be removed. 

Hydrogen balloons—In filling a toy balloon with hydrogen the. 
usual thistle funnel can be replaced by a funnel fitted with a tap. 
The delivery tube should be of as large a diameter as possible. The“ 
end of the balloon tube should be tied to the very end of the glass 
tube. This allows the final tying-off of the balloon to be done without 
first removing it from the glass 
tube. The acid is run into the 
vessel and the tap closed. The 
tap should be opened again the 
moment the balloon is tied off 
(see Figure 65). 

Labels—1lt is best to buy un- 
gummed labels for use in the 
tropics. The label is fixed to 
the bottle with paste, or gum, 
and allowed to dry thoroughly. 
It is then painted over with 
molten paraffin wax, using one 
stroke of a flat, wide brush. The ME 
wax is at the right temperature te suipheric arid 


slack thread 
ready lo tie 


when it begins to smoke. The - EES 
excess wax around the edges “FIGURE 65.—Filling a hydrogen 
of the label can be scraped balloon 


off with a knife, leaving the 

label under a slightly larger rectangular layer of wax. z 
Lens, hand—Pupils eften fihd difficulty in holding lens and object 

steady, and so fail to keep the image in focus. Control is much 

easier if thumb and forefinger of one hand hold the object, and those 


of the other hand hold the lens, and the tips of the middle fingers are 


pressed together (Figure 66). 
s 
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The use of a watchmaker's lens has been discussed on page 240, 
Appreciation of magnification can only come gradually, and 
' pupils should therefore have plenty of practice with hand lenses 


9 » 


FIGURE 66.—How to hold a lens and an object 


before attempting to use a microscope. Moreover, in a General 
Science course the hand lens is sufficient for most purposes. 
Levers—It is common practice to bore a hole in the middle of a 
bar, 12-inch ruler or 50-centimetre scale, in order to pivot it for 
experiments on moments of forces. It is more satisfactory, and the 


= i 


FIGURE 67.—The position of the fulcrum of a lever (for experjments on 
moments)—it is best arranged above, rather than at, the centre of gravity 
of the bar 


mo? 
Systeni is more stable, when the fulcruni is sityated close to the top 
edge of the bar (see Figure 67). 
Magnetized knitting-needle suspension—The needle is pushed 
through a short length of bicycle-valve tubing, and a brass pin is 
stuck through the rubber at right-angles (see Figure 68). The 
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head of the pin is nipped off with pliers, and the position of the 
knitting-needle adjusted until the pin is at the point of balance. 

Mercury—Air bubbles appear in a « 
tube which is being filléd with mercury. D 
To remove fhem the tube is closed With * 
the finger, before it is quite full, and 
inverted to allow a large air bubble to 
travel up it. When the tube is turned 
up again the large bubble reverses its 
track, collecting the smaller ones as it 
moves upwards and escapes. The small FIGURE 68.—The suspension 
amount of mercury needed to fill the | ofa magnetized knitting-needle 
tube is then added. 

Mercury spilt on tray, bench or floor, may be recovered by suck- 
ing it into a small *wash-bottle' (see Figure 69). 
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fe drawn out 


o 
—drop of mercury 
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FIGURE 69.— The recovery of spilt mercury. (Air is withdrawn from 
' the ‘wash-bottle’, e.g. by means of a filter-pump) 


Microscopes—Y oung pupils are often fascinated bya microscepe, 
but usually benefit very littlé from its use, as time and experience, 
as well as much practice in technique, are required for the apprecia- 
tion of the magnification. Frequent use of hand lenses is the first 
essential. A 

Only the patient skill of the expert can bring much profit from the « 
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» 
use of a high-powered microscops, and to provide one is usually mis- 
guided enthusiasm on the part of a teacher of General Science. Suit- 
able slides are seldom made by amateurs, for the sections are gener- 
ally too thick and thus appear opaque. Instead of such a costly 
instryment, an objective of 1-inth focal length with eyépiece (x 4) 
is recommended. This allows inspection of the whole area beneath a 
cover slip, makes illumination comparatively easy, means that 
adjustment of focus is not critical, and permits movement of the 
slide by hand with enough control to retain the object in the field of 
view. The magnification is quite sufficient to show the main features 


FIGURE 70.—Sunlight as source of rays for experiments 


A—window-sill E—mi 
nib! mirror 


» F—masking blocks 
C—stand G—sunlight 
D—tlamp H—reflected ray for use in experiments 


> 


of insects, the shape and surface of the smallest seeds, typical speci- 


. mens of pollen, and characteristic crystal formations. The rule is: 


use the least magnification which Will serve the particular purpose. 
A teacher should try to train his pupils in correct microscope 
technique as soon as they begin to use the instrument, however low 
its power. The objective is marked 4 inch or 4 inch or 1 inch, for 
example, to show the distance between lens and object when the 
latter is in focus. The instrument should always be arranged so that 
the distance is less than this, and then, as the observer views the 
slide, the adjusting screw should be turned so that the objective is 


tacked away from the slide. Risk of damage to the lens is eliminated 
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by following this procedure, as the,objective cannot then be pressed 
down ón the slide. Pupils should also be taught to keep both eyes 
open, so that they can learn to observe with one while using the 
other to draw a sketch bf the image. For this reason the microscope « 
should be placed so that the eyepiect is about 12 inches above bench 
level. y 

Pendulums—To suspend a pendulum bob by a thread so that the 
length does not vary as it swings, the thread should be gripped 
between two flat, sharp-edged surfaces (e.g. two microscope slides), 
held firmly together in a clamp (see Figure 12, (d) and (e), page 99). 

Rays of light—The phenomena and laws of reflection and refrac* 
tion can be demonstrated by means of the usual experiments with 
pins, but the use of rays of light gives more direct and impressive 
results. (a) Sunlight is effective when reflected through a window from 
a mirror clamped on a tall stand. The mirror is arranged so that the 
reflected beam passes across the surface of the bench (see Figure 70). 
The beam is very bright and readily visible even in a very light room. 
The disadvantage of the method is that the relatiye position of the 
sun changes so quickly that frequent adjustments of the mirror are 
essential. A fairly sharp-edged ray is produced by using two pairs of 
masking blocks (as in the case of an electric lamp—Figure 71 (c)— 
which is the most convenient source of light). (6) A 6- or 12-volt 
supply of electricity, from accumulators or a mains transformer, may 
be used to light a car headlamp bulb (wattage 12 to 36). The lamp is 
arranged so that the plane of the filament is vertical and at rjght- 
angles to the required direction of the ray (see Figure 71 (a)). 
(c) With mains A.C. supply it is best to use a clear (not opaque) ‘glass 
bulb, arranged so that the ‘horse-shoe’ filarfient is in a vertical plane 
with its edge towards the slits (see Figure 71 (b) and (c)). (d) In the 
absence of other sources of curréht, an electric torch may be used, 
but it shouid be switched on for periods as short as possible, in order 
to lengthen the life of the dry cells. The beam of light should be 
‘focused’ to its narrowest, before passage through the slits, to give 
maximum intensity of light. ° 

Rubber—Petrol, Vaseline and other petroleum products cause 
rubber tubing and corks to perish rapidly. Thus it is unwise to 
use Vaseline as a lubricant for slipping rubber tubing on to glass 2 
tubing. Special rubber lubricant may be purchased—and if this is c 
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direction of rays 
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(approximately 
parallel ) 
NUES cap of rays 


FIGURE 71.—Rays from electric lamps 


> (a) Car headlamp bulb in batten holder on stand 
(b) Ordinary mains Jamp in batten holder on stand 
» (c) Masking blocks to produce an approximately parallel ray 


*  Note—In all cases the lamp should be in æ ventilated chamber with aperture for the beam. 
€ 


not available saliva may be used. Car brake fluid also serves the 
ə purpose. : 

Rubber should be kept well dusted with French chalk, in a box or 
drawer, to prevent’ rapid deterioration’ in hot climates. Strangely 
enough, it may also be stored in kerosene vapour, as long as precau- 
tions are taken to keep it clear of the liquid. This may be done by 
placing a shallow dish of kerosene on the bottom of a small cupboard, 

With close-fitting door, and putting the rubber on perforated shelves. 
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Scale-pans—These may be made,from the lids of tins, suspended 
by stout thread or thin string. To make sure that the pan hangs 
horizontally three long strings should be attached through three holes, 
bored at equal distances from each other in the rim. Thelid, with a 
heavy weight in dt, is put on a tablé. The strings are then held, taut 


-first knot 


circular tin lid 
FIGURE 72.—How to hang a scale-pan 


ata point vertically above the centre of the lid and carefully knotted 

together. Keeping the, strings together, knots are made nearer and 

nearer to the lid. When the final knot is sufficiently near the lid, 

the string is cut above the second knot from the tin (see Figure 72). 
Soldering fluxes—The following are suitable: 

tallow for joining lead to lead, or brass to lead; 
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rosin or ‘killed spirits’ for joints in brass, copper, tinplate, zinc; 
‘killed spirits', for iron and silver. 

, After soldering, ‘killed spirits’ should be washed off with water, 
and rosin—or *fluxite'—with methylated spitit. (‘Killed spirits’ con- 
sist of concentrated hydrochloric'acid to which zinc was added until 
there was no further reaction.) 

Specimens, botanical—To keep these fresh until there is time to 
press them, they may be put in a closed tin in a refrigerator, where 
they readily remain stiff and fresh for a week. 

Stirrup for suspending a magnet—In order to ensure that the 
agnet will hang horizontally, two equal loops are made in a piece 
of thread, and then knotted together near the top ends of the loops. 
The spare ends are cut off, leaving a long thread to suspend the 
loops (see Figure 73). 

Stoppers—The removal of a stopper which is stuck in the neck of a 
bottle is a task the science teacher often has to undertake. The fol- 
lowing methods are suggested, in progressive order of severity. If 
the bottle contains solids which are not dangerous, the methods can 
be applied while the bottle is over a bench; if it contains liquid, it 
should be held in or over a sink. The methods are not always success- 
ful, and bottles occasionally break and spill their contents. (@) The 
stopper is tapped gently all around its side with the wooden handle 
of any available tool, or with a small, hard piece of wood. If the 

stopper overlaps the neck, it may be struck 
slightly upwards each time. (b) The bottle is 

> inverted with stopper and neck immersed in 
SA almost boiling water for 15 to 20 seconds. It 
is ten removed and the stopper immediately 
-X tapped as in (a). (c) (Not to be used with 
bottles containing inflammable or dangerous 

liquids or solids.) The bottle is held dt an angle, 

and rotated so that a candle flame deposits 
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FIGURE 73.—Stirrups for suspending a bar-magnet 


(a) pa loops in the string, drawn together at X, 
and— 


» (à) (b) (b) tied into a knot 
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a layer of soot all around the neck. Method (a) is applied after a 
few moments. (d) If the stopper still refuses to loosen, it may be 
necessary to cut off the neck of the bottle. To do this a series of file 
marks are made around the neck with a sharp triangular file. The 
end of a piece of glass rod, or draWn-out tubing, is heated strengly 
in a flame and applied, while hot, to a file mark. A few attempts will 
usually cause a slight crack to start. The process is then repeated 
at the next file mark, or the first crack is encouraged to travel around 
the neck by movement of the hot point of glass along the crack in 
the desired direction. The neck is given a sharp knock with a piece 
of wood as in (a). E 
Thermometers—If these are left for some time in à rubber cork, 
they are often difficult to remove. A cork borer, of a size such that 
the thermometer passes through it, is used to rebore the cork, 
while the thermometer remains inside the borer. The thermometer 
then comes out with a thin ring of rubber which may be scraped off. 
Tropical conditions—There are many causes of trouble in a labora- 
tory, especially during a wet season in the tropicsz Materials perish, 
papers stick together, instruments rust, specimens go mouldy, 
lenses develop a fungus which quickly renders them useless and 
ruins their accurately ground surfaces. In addition, ants, termites 
and other insects continue their endless work of destruction. 
Whatever can be kept in an air-tight container should be só 
kept. Glass jars, such as specimen jars with lids well greased, are 
ideal. Screw-capped bottles, e.g. those which have contained Sweets, 
are very useful. Metal containers, such as biscuit tins; cake tins, etc., 
can be rendered fairly air-tight by strapping the joint between the lid 
and container with insulating tape. z URE 
Lenses of microscopes should be kept in a desiccator when not in 
use. Needles can be inserted in £ piece of material in which some 
Vaseline hás been rubbed. Metal instruments such as screw gauges, 
vernier calipers, tuning forks, etc., should be greased. The screws 
of retort stand bosses, rings and clamps, should be oiled frequently. 
Scalpels should be smeared ‘with Vaseline and kept in a case. The 
metal parts of tools should be rubbed over with an oily rag. 
Paste, gum and glue should contain some chemical to make them 
repellant to insects. Such adhesives are sold specially prepared for 
the tropics. But, if the teacher makes his own, the addition of a very « 
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small quantity of a solution of mercuric chloride, during the prepara- 
tion, is generally effective. 

* , Biological specimens seem to be the favourite food of some 

ə Species of minute ants. Dusting with D.D.T. deters the ants but 
spoils, the look of the specimens.’ If mounted insects are left unpro- 
tected, these almost invisible ants eat out the intestines and the 
specimens disintegrate. Suggestions for dealing with this problem 
are given on pages 250—51. : 
, Voltmeters—See * Ammeters', page 245. 


> 
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NOTES ON SOME COMMON CHEMICALS 


A list of chemicals which may be required in a General Science 
course is given in Appendix E, part II, page 331, with brief notes on 
danger, poisons and absorption of moisture. 

The teacher must also remember other points, such as safe storage, 
the characteristicssof different grades of purity of a substance, and 
the effects of certain properties, which sometimes have additional 
importance in the tropics. The list below gives some typical examples 
and contains other useful hints, 

 Acetone—This is inflammable and very volatile, and should there- 
fore be kept in air-tight, screw-capped bottles not exceeding 250 ml. 
capacity. 

Acid, acetic, glacial—Melting point 17° C.2 below this tempera- 
ture it is a crystalline solid, which must be melted slowly with the 
Stoppér removed from the bottle. The fumes are somewhat poisonous 
and should not be breatlied. 

Acid, carbolic (Phenol)—It is. deliquescent and also tends to turn 
pink. Although its purity is not noticeably affected, it is best kept 
in a dark, air-tight bottle. ^ 

Acid, hydrochloric; acid, nitric; acid, sulphuric—For the compara- 
tively small quantities of these three acids required in a laboratory, 
it is advisable to obtain the ‘pure’ grades. They cost very little more 
than the ‘commercial’ (‘technical’ or ‘industrial’) varieties, and there 
is less likelihood of confusion, 

Alcohol, ethyl—The substance varies greatly in cost, according to 
“Customs and Excise regulations in different countries, and can be 
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obtained in several degrees of purity. It is usually sold under the 
following names: ; 

Absolute alcohol, the pure liquid, which is always very costly and is, 
seldom needed. (‘Commercial’ iso-propyl alcohol is a satisfactory 
substitute for preserving biological Specimens or dehydrating those 
to be mounted in Canada balsam.) 

Rectified spirit, which contains about 10 per cent. by weight of water. 
Like absolute alcohol, it should be stored in air-tight bottles. 
Methylated spirit, the common form, which contains 5 per cent. of. 
methyl alcohol and other impurities, including a dye. 

Industrial methylated spirit, which contains 5 per cent. of methyl° 
alcohol, but is free from other impurities. Thus it is suitable for many 
laboratory purposes, and, if the difference in cost is not prohibitive, 
should be bought in preference to the common variety. 

Alcohol, methyl (wood spirit or wood naphtha)—This poisonous, 
highly volatile liquid, used as an adulterant in methylated spirit, 
must never be confused with mineral naphtha, which is an entirely 
different substance. e 

Aluminium wire—The thin wire is useful for making riders for 
balance beams. 

Ammonia solution (ammonium hydroxide or ‘ammonium hydrate")— 
The usual concentrated form has a specific gravity of 0-880 and is 
dangerous for tropical use. The opening of a bottle can release gas" 
with explosive violence. It is better and safer to use a less concen- 
trated solution, e.g. S.G.: 0:910, and even then the greatest care must 
be taken in handling it. y 

Ammonium bicarbonate—The substance very rapidly decomposes 
in air, so must be kept in an air-tight bottle. ; 

Bleaching powder—This is deliquescent and also quickly decom- 
poses in air. It should be boüght and kept in small, sealed 
containers. * " 

Bromine—This is purchased in 1-ml. glass ampoules, packed in an 
inactive white powder (such as kieselguhr) in a tin, ‘ 5 

Calcium carbide—Being hygroscopic, ‘carbide’ rapidly reacts with 
moisture in the air to produce acetylene. It should be bought and 
kept in small, sealed containers. 

Calcium hypochlorite—See “Bleaching powder’. Un à 1 

Calcium oxide (Quicklime)—This, being hygroscopic, 1s readily o 
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slaked by tlie moisture of the aig, so here again containers must be 
small and segled to keep the substance in good condition. 

Calcium sulphate (Plaster of Paris)—The substance will set hard 
and become useless unless it is kept sealed arid very dry. It should be 
ordeged in small containers, eath containing not moré than 250 g. 

Carborundum paste—This is used in, and can be obtained from, 
garages. 

Chloroform—The *methylated' variety, which is about half the 
price of pure chloroform, is suitable for most purposes in a school 
laboratory. a 
* Formaldehyde—The substance is volatile, and the vapour has a 
very irritating action on the eyes and throat. The solution tends 
to decompose, with the formation of formic acid, which may be 
neutralized, if necessary, by sodium bicarbonate. 

Gelatin—This may often be bought locally, in food or grocery 
stores, 

Gold size—This is obtainable from garages, where it is used on 
gaskets for making air-tight joints. Turpentine may be used to dilute 
it, and the bottle should be tightly corked. 

Hydrogen peroxide—The solution should be kept in the dark, in 
well-stoppered bottles. The more dilute ‘10-volume’ solution keeps 
better than the ‘20-volume’ variety. 

° Indicators—The approximate range of the common ones is as 
follows: 


* Bromophenolblue  . F = >., pH 3-45 
Congo red . : ; š 5 ; 3-5 

j Methyl orange. : : : : 3-45 
> B.D.H. ‘Universa? . 3 ; o 3-11 
Litmus . è. : : : 1 5-8 

Phenol red E ; , 3 : 7-8:5 
Phenolphthalen . ^". . . : : 8-10 


The commonest are: 3 
Methyl orange (for use with weak base and strong acid) 
« Litmus (for use with strong base and strong acid) 
Phenolphthaléin (for use with strong base and weak acid) 
Naphtha (mineral naphtha)—The liquid in which potassium and 
sodium metals are kept is a mixture of hydrocarbons. It does not 
contain oxygen, nor does it absorb oxygen from the air. 
» Petroleum ether—This is a volatile and inflammable paraffin, of 
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low boiling point, which can be used instead of the far more expensive 
(di-ethyl) ether to produce low temperatures by rapid, evaporation. 

Phosphorus (yellow)—The element must be kept under water in a 
bottle. It should be takeh out of the bottle with tongs, plaeed in a dish 
of water, and cut under water. It shbuld not be touched by the band, 
as body temperature is high enough to ignite it. 

Potassium cyanide—The commercial variety (mixed with sodium 
cyanide) is suitable for making killing bottles and for most other 
laboratory uses. : 

Potassium and;sodium hydroxides—One ‘stick’ of each substance 
weighs about 20 g., and twelve ‘pellets’ about 1 g. : 


NOTES ON SOME LABORATORY SOLUTIONS 


The science teacher (and the laboratory assistant) have to spend 
much time in the preparation of solutions. It is difficult to remember 
all the quantities required and the details of procedure, and it is a 
good idea if these are neatly printed on the labels of stock bottles. 
Notes on the making-up of some of the solutions, etc., in common 
use in the school laboratory, are given here. 

(1) Accumulator solutions 

(a) Lead accumulator—The specific gravity of the sulphuric acid 

in various conditions of the battery is as follows:— 


e TA | ; € 
State of battery Specific gravity. 
Fully charged . . . - , 128 P 
Half charged . . . - « 121 " 
Discharged . . . + «d 1415 


£ p Sn ee 


The above‘ figures are approximate. The recommendations of the 
makers, usually printed on the battery, should be followed. A rough 
guide to the making of a solution of sulphuric acid of specific gravity 
1:28 is as follows: — , à me B 
Concentrated sulphuric acid is added slowly, with stirring, to a 
beaker two-thirds full of distilled water, until the solution is almost 
boiling. The solution is allowed to cool, and more acid is added, with 
similar precautions, until the solution is again a 


Imost boiling. After < 
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cooling to room temperature, the specific gravity is adjusted by the 
addition of more acid or more water, according to the hydrometer 
reading. o 

` (b) Nickel-iron (Nife) accumulator—The 'specific gravity of the 
caustic soda solution is as follows:— ; 


Temperature 
Specific gravity when the 
Ne °C. | 80°C. | 100°C, 
Xa) first filled — . s E ‘ E 1-190 1:185 1.180 
(b) working and fully charged — . . 1-170 1-165 1-160 


4 Ib. (2 Kg.) of caustic soda are dissolved in 1 gallon (5 litres) of water 
to provide a solution of the approximate strength required. It can 
then be diluted with water as necessary. 

(2) Bench reagents 

(a) Hydrochloric acid (approximately 2N)—200 ml. of concen- 
trated hydrochloric acid solution are made up to 1 litre with water. 

(5) Nitric acid (approximately 2N)—130 ml. of concentrated 
nitric acid are made up to 1 litre with water. 

(c) (i) Sulphuric acid (approximately 2N)—60 ml. of concentrated 
sulphuric acid are poured slowly and carefully into 1 litre of water. 

(ii) Sulphuric acid (approximately 5N, for making hydrogen with 
zinc) —150 ml. of concentrated sulphuric acid-are poured slowly and 
carefully into 1slitre of water, (The solution will get very hot and the 
Operation is best carried out with the container standing in cold 
water in a sink.) o 

(d) Potassium hydroxide (approximately 2N)—6 sticks (about 
120 g.) are dissolved in 1 litre of water. The solution should be kept 
in a bottle with a rubber cork. ‘ 

(e) Sodium hydroxide (approximately 2N)—4 sticks (about 80 g.) 
are.dissolved in 1 litre of water. The solution should be kept in a 
bottle with a rubbér cork. : 

(3) Common reagents 


(a) Fehling’s solution—Two solutions, A and B, are prepared: 
A. 35 g. of copper sulphate crystals are dissolved in 1 litre of distilled 


"4 Water. 
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B. 173 e of sodium potassium fartrate and 120 g of sodium. 
hydroxide are dissolved in 1 litre of distilled water. « 

Equal volumes of A and B are mixed as required. A and B keep well, 
if they remain separate,*but not after mixing. . . 

(b) Iodine"solution—About 6 g. of potassium iodide are dissqlved 
in 100 ml. of water, and then 2 g. of iodine crystals are dissolved in 
the solution. 

(c) Pyrogallol (for absorbing oxygen)—Two solutions, A and B, 
are made. Solution A contains 5 g. of pyrogallol (known to photo- , 
graphers as *pyro', and to chemists as *pyrogallic acid") in 100 ml. 
of water. Solution B contains 25 g. (about 14 sticks) of potassium 
hydroxide in 100 ml. of water. Equal volumes of A and B are mixed 
when wanted. If the two solutions are separate they will keep in- 
definitely, but the solution which results on mixing will not keep. 

(d) Sea-water—A useful substitute for sea-water can be obtained 
by dissolving the following in 2 litres of water: 


« 


45:0 g. sodium chloride 
3:5 g. magnesium sulphate 
5:0 g. magnesium chloride 
2-0 g. potassium sulphate 


(e) Silver nitrate solution—3:5 g. of silver nitrate are dissolved in 
100 ml. of distilled water. If distilled water is not available, rain-* 
water should be used. (Rainwater which is running off a clean, rain- 
washed roof should be collected in a clean vessel such as an enamelled 
bucket. It should be boiled, and either filtered, or allewed to settle, 
when the clear liquid may be siphoned off.) Ay 
(4) Culture solution (for plants) a . à 

The following salts, of purest quality, should be dissolved together 
in 1 litre of distilled water:— 


0:70 g. potassium nitrate 

0-25 œ calcium sulphate (hydrated) i 
0-25 g. calcium hydrogen, phosphate*hydfateq) 

0:25 g. magnesiun sulphate (hydrated) 

0-08 g. sodium chloride 

0:005 g. iron (ferric) chloride (hydrated) 


To the solution should then be added:— 
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1 ml. 0-06 % boric acid solution 
1 ml. 0:04% manganese chloride solution. 


(5) Electrosplating solutions e 

(a) Copper—About 100 g. of copper sulphate crystals are dis- 
solved in about 300 ml. of water. 6 g. of potassium bisulphate and 
5 g. of potassium cyanide are then added. The solution is made up 
to 450 ml. (The solution should be kept cold while it is being made.) 

(5) Silver—About 20 g. of sodium cyanide and 40 g. of crystalline 
Sodium carbonate are dissolved in about 500 ml. of water. About 
20 g. of silver nitrate are dissolved separately in 250 ml. of water. 
The second sofution is added slowly to the first, and the mixture made 
up to 1 litre. 

(The current to be passed through the solutions depends on the 
area of the electrode upon which the metal is to be deposited. It 
should not exceed about 2 amps. for 100 sq. cm. of surface. It should 
be proportionately less if the electrode is smaller. The deposited 
metal will appear dull. It will not present the expected bright and 
shining appearance until it has been burnished, by rubbing, for 
instance, with a bone spatula or some other hard smooth, non- 
metallic, surface.) 

(6) Indicators 

* (a) Litmus—This is usually sold in small cubes. 100 g. are ground 
up with 500 ml. of water until as much has dissolved as possible. 
The mixture is boiled, and allowed to coo! and settle. The clear 
liquid is then poured, or siphoned, off and made up to 1 litre with 
water. One or two drops of chloroform are added. The solution 
should be kept in a bottle fitted with a one-holed cork, through which 
passes a bent glass tube, so às to admit air but exclude dust. It 
should be stored in a dark cupboard. 

(b) Methyl orange—1 g. is dissolved in 1 litre of water. 

(c) Phenolphthalein—2 g. are dissolved in 600 ml. of rectified 
spint, and made up with water to 1 litre, 

(d) Starch—1 g of starch is mixed with some cold water to make 
a very thin paste. This is then added, drop by drop and with constant 
stirring, to a beaker containing 100 ml. of boiling water. If the liquid ` 
is boiled too fiercely the beaker will crack. The solution keeps in 
- good condition for only a few days. 
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(7) Stains ; si 
In general it is preferable to buy stains ready made up in solution, 
but the following are useful recipes: . 


(a) Aniline sulphate-*A. few drops of dilute sulphurie acid are € 


added to a sáturated solution. * * 


LJ 

(b) Borax carmine—4 g. of borax are dissolved in 100 ml. of 
water. 3 g. of carmine are added and warmed until dissolved. 100 ml. 
of 70 per cent. ethyl alcohol are then added and the solution 
filtered. ‘ 3 

(c) Safranin—1 g. is dissolved in 100 ml. of water or 100 ml. of 
50 per cent. aqueous ethyl alcohol. ' 3 
(8) Useful preparations 

(a) Cement—A useful ‘cement’, e.g. for the repair of broken glass or 
china, can be made by dissolving celluloid or unwanted photographic 
films in acetone. But it is probably wiser, and cheaper in the long run, 
to buy a tube of such cement from a hardware store. The type of 
cement best suited for the purpose can be recognized by the fact that 
it smells strongly of acetone or amyl acetate. — e 

(b) ‘Dead black? —This is useful for painting the inside of ‘light’ 
apparatus, so that unwanted reflected light may be eliminated, rays 
made less diffused, and images made sharper. Lamp black is mixed 
with gold size, and turpentine added, with constant stirring, until the 
mixture is sufficiently thin for use as a paint. 

(c) Fluorescin solution—(This is useful because the track of a ray 
of light travelling throwgh a solution of fluorescin can be seen very 
clearly.) 1 g. of fluorescin is dissolved in 100 ml. of industrial, or 
methylated, spirit. TARI . 

(d) Heat sensitive paper—A solution of, obalt chloride in water 
is added to a solution of ammonium chloride in water. (The propor- 
tions do not matter.) The solutidh is diluted until it is pale pink. 
Filter pape? soaked in the solution and allowed to dry appears to 
be almost colourless, but on heating it will turn a bright green 
colour. ' ee... SE 

(e) Silvering solutiog (for*depositing a bright silver mirror ys 
glass)—Firstly, 12-5 g. of silver nitrate are dissolved in 100 ml. ; 
water. 32-5 g. of sodium potassium tartrate are dissolved separate y 
in 100 ml. of water. The two solutions are mixed, warmed to 55 C. 
and kept at that temperature for 5 minutes. The mixture is then « 
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cooled and the clear liquid poured off from the precipitate and made 
up to 200 ml. for solution A. Secondly, 1-5 g. of silver nitrate are 
dissolved in 12 ml. of water. Dilute ammonium hydroxide solution is 
added until the precipitate first formed is alniost entirely redissolved. 
The liquid is made up to 200 ml?for solution B. The, solutions A and 
B are then mixed. (The surface to be silvered, having been cleaned 
very carefully to free it from all traces of grease, should be sus- 
pended upside down in the solution, just below the surface. The 
solution can be put into a clean test-tube, or small flask, and a 
mirror deposited on the inside of the vessel. The solution can be 
slightly warmed to hasten the deposition of the silver.) 

(f) Soap solution (for making bubbles)—4 g. of Castile soap are 
dissolved in 80 ml. of water, without warming, and 20 ml. of glycerin 
are then added. The solution will keep for some weeks. 


Organization of storage and stocks 


Most of the problems of storage and arrangement of apparatus and 
equipment have already been discussed, but a few points require 
further emphasis: 

(a) Standardized apparatus should be the aim as far as possible. It 
is advisable, for example, to use only certain sizes and types of 
bottles (with sandblast labels for the reagents in common use), 
beakers and flasks, corks and rubber stoppers of corresponding 
dimensions, glass and rubber tubing of appropriate diameter, stands, 
magnets, lenses, etc. This system makes the assembly of apparatus 
fron its constituent units easier and quicker, simplifies storage and 
checking, and facilitates?replacement orders. 

(5) Resistance-glass vessels and high-quality porcelain are to be pre- 
ferred to cheaper varieties, as they usually prove to be more econo- 
mical in the long run. 5 

(c) Specifications of equipment must be carefi ully stated when orders 
ares placed, if possible with, catalogue numbers. For instance, it is 
essential to have burners manufactured for use with the particular 
gas supply, instruments of the correct units and capacity for the 
electrical supply in use, materials specially made for tropical 
conditions, etc. 

(d) Dangerous liquids in large bottles, or other containers, need 
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special care. Inflammable liquids (it should be remembered that these 
include stocks of petrol or kerosene), concentrated acids, etc., are 
most safely kept on the floor, and there should be regular inspection 
to ensure that stoppers are properly fitted and sealed. A separate, 
small, cool store, outside the main building, is to be recommended. 
The cement floor should slope gently towards the centré from two 
sides, the resulting groove itself sloping to a hole in the wall, from 
which any liquid may run into a sump (loose stones in a small pit). 
Thus any spilt liquid flows towards the middle of the room and can 
be seen at once. A further safeguard can be provided by standing 
large bottles of concentrated acids in buckets, bins, emptied oil 
drums or tins, containing sand. : 

Keeping stock —Accurate records are necessary in order to make 
sure of replacements being ordered early enough for delivery at the 
right time. Moreover, the science teacher is responsible for the 
science apparatus and chemicals in the laboratories and stores. A 
suitable inventory is therefore essential. It is convenient to keep two 
books, one for apparatus and equipment, the other for chemicals. 
To make rapid checking possible, books of foolscap size are ruled 
as shown in Figure 74, and the items are entered in alphabetical order. 
(The lists of apparatus and chemicals in Appendix E. II, page 331, 
can be used as a guide.) 

Plenty of space should be left between entries so that extra items 
can be inserted in their proper places. It is not wise to draw up such 
stock-books on the assumption that they will last for many years: it 
will usually be found, after three or four years, that the lists must 
be re-written. An approximate estimate of the number of pages (in 
proportion) required for each initial letter in an inventory is: 


A—] D3 G4 I-Q. 70-1 |R-2 U V= 
B— E—2 H- M-4 P—3 S—4 W-l 
C6  'F-6 LLKA NA 1070) TES X, Y, Z= 


Whether the teacher adopts this method or uses a card index, ithe 
simpler the system of entry thie better. (Detailed stock cards, suitable 
for laboratories of large industrial concerns, are not necessary in a 
school.) 

When the time comes to order a fresh supply of materials, reference 
to a well-kept stock-book can save a great deal of time. 


FIGURE 74.—Inventory books (typical extracts): one method 


of keeping stock records 
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Danger in the laboratory 3 


The teacher's responsibility —In a well-organized laboratory, under 
careful and efficient supervision, accidents are very few and far be- 
tween. As in every other sphere of life, risks cannot be entifely elimin- 
ated, but they cdn be reduced to a minimum. It is the responsibility 
of the teacher to ensure that the chance of accident is remote, and 
also to be prepared to deal with any which may arise. ‘Did the teacher 
take reasonable precautions?” is the question properly asked when an 
accident has occurred. The physical and mental well-being of his. 
pupils is the first concern of every teacher: because of the materials 
he uses, the science teacher has a special duty and responsibility. The 
community, and his fellow science teachers everywhere, expect him 
to conduct himself accordingly. 

The following rules are a guide to suitable organization and 
procedure :— 


RULES FOR THE SCIENCE TEACHER 
[3 


(1) No class should be allowed to enter, or remain in, the labora- 
tory in the teacher's absence. (In the case of young pupils, even 
a small group, or a single pupil, can seldom be trusted alone 
among so much interesting and tempting material.) 

(2) The teacher must ensure that he is always in full and propet 
control of his class. (Quiet and orderly behaviour is even more 
important in the laboratory than the class-room. A good teacher 
will find opportunities of relating it to scientificemethods.) 

(3) A list of rules for pupils should be displayed prominently, 
both inside the laboratory and outside the door (see below). 
The teacher must make sure that all his pupils understand 
the rules and the reasons fdt them, and that they are strictly 
observed. (Deliberate, or repeatedly careless, disobedience must 
be punished.) 

(4) The laboratory should be kept cleap and tidy. There should be 
a place for everything, afid everything should be in its place when 
not in use. Good, clear labels are essential. (Here, again, there 
is a connexion with scientific methods.) 

(5) Apparatus and materials should be prepared in advance 
ready when the class enters the laboratory. 


and be 
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(6) The teacher must paces give careful instructions for the use of — - 

unfamiliar apparatus or chemicals, repeating warnings if there 
> is any danger, and make sure that he is understood. (Good tech- 
» nique should be constantly stressed untif it becomes a habit.) 

(7) Special warnings, with empliasis on the precautions to be taken, 
must be issued at the start of a lesson in which inflammable 
liquids, or other dangerous substances, are used. 

(8) Correct procedure in the use of mains supplies of gas and elec- 
tricity must be enforced. (This and similar points have already 
been discussed.) 

^(9) Materials for putting out a fire must be kept handy in definite 
places. Teacher and pupils should know how to use them quickly 
and correctly. 

(10) A first-aid kit should be kept in each laboratory or adjoining 
preparation room, preferably in a separate cupboard. It must 
be kept in good condition, and the teacher must know how to 
use its contents. 


? 
The pupil's behaviour —1t is part of the teacher's duty to see that 
pupils obey the rules for the proper and safe use of the laboratory. 
Thisis most effectively done through the teacher's example and precept. 
However, it is advisable to have a list of rules in clear, bold type, 
posted up prominently inside and outside the laboratory (see (3) 
above). The following is the sort of list recommended by associations 
of science teachers (the parentheses contain hiats for explanation):— 


D 
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LABORATORY RULES (FOR THE PUPIL) 


(1) Nothing is to be removed from the laboratory. (Apparatus and 
materials are the property of the school. They are intended for 
special use in a particular place in the right way; they are often 
dangerous if otherwise treated.) 

(2) Laboratory equipment and material is for use only in the labora- 
tory. (If taken elsewhere it is easily fost, broken or misused, and 
is then not available for science lessons. ) 

(3) Apparatus and materials must be used only for the purposes 

R sanctioned by the teacher in charge. In any experiment, pupils 
» must stick to the instructions given ånd must not go beyond 
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them. (There is a risk of breakage, fire, explosion, etc. A scien- 
tist'tries to acquire all the information possible before planning 
an experiment.) re 

(4) Any mishap—e.g. cut, burn, scald, substance in mouth or eye, 
or on cléthes—must be reported to the teacher at once. (Further 
treatment, given immediately, may save much trouble and pre- 
vent pain or serious injury.) 

(5) Breakages and faults in equipment must be reported to the 
teacher immediately. (It may be possible to put things right 
before there is more trouble, or to improve technique, or to* 
avoid recurrence.) « 

(6) Loose or obscure labels must be reported to the teacher at once. 
(This will help to avoid mistakes.) 

(7) It is essential to make sure that the name on a label is exactly 
the same as that of the object or substance required for the par- 
ticular experiment. (The need for accurate observation should 
prevent carelessness and consequent mistakes.) 

(8) Bottles must never be held by the neck or stopper. (The risk of 
breakage can be reduced.) 

(9) Stoppers of bottles should be removed in the proper way and 
replaced at once. A stopper must always be put back on the right 
bottle. (There is otherwise a risk of introducing impurities and 
of causing chemical reaction.) c 

(10) The smallest convenient quantity of a substance is all that should 
be used in any experiment. (It is economical. Tests with dilute 
solutions are often more accurate than with, concentrated ; 
etc.) ; 

(11) A substance taken into the mouth accidentally must be spat out 
at once and the mouth washed out with water. (There is'a risk 
of poisoning or other injury. i 

(12) Nothing must be tasted without definite instructions from the 
teacher. (As for (11).) 

(13) Acid “or alkali on skin or clothing must be washed off at once 
by plenty of water. i 

(14) At the end of an experiment, apparatus must be left clean and 
tidy in the place where it was found. 

(15) Solid objects must not be put into a sink. (There is danger of 
blocking the waste-pipe, of chemical action, etc.) 
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(16) Waste of gas, water and electricity must be avoided. When sup- _ 
plies are pot in use, all taps and switches must be turned off. (It 
is economical. Risk of accident is reduced.) i 

(17) The laboratory, benches and equipment ‘must be left clean, neat. 
and tidy. (See rule (4) for t&achers, page 273). ' 

(18) When 1n doubt, the pupil must ask the teacher for help or advice 
at once. 

N.B.—A pupil is entirely to blame for any accident resulting from 

inattention to the above rules. 


* A teacher may wish to add other rules, particularly in the case of 
a specialized laboratory. For instance, in the chemistry room it is 
advisable to include: the manipulation of a hot test-tube, the treat- — 
ment of red-hot material, the disposal of hot concentrated sulphuric 
acid, the reactions of substances such as sodium, phosphorus, etc., 
and so on. A list of precautions against fire is to be recommended, 
and an example is given in Appendix G, page 347. 
? 


Emergencies 


Prevention is better than cure: that should be the teacher's motto. In 
spite of the best teaching, example, technique and lists of rules, how- 
ever, an occasional accident may happen. The teacher must be pre- 
pared to deal with the situation, and the following notes are a guide ' 


to appropriate action. 3 


Spilt liquids — Even harmless liquids should be washed away and 
dried up as soon as possible. 1 
If an inflammable liquid is spilt, all flames should be put out at once - 
and not be relit until the cleaning up is complete. Advice on storage, 
and other precautions to be taken, have already been méationed. 
Acids should be neutralized at once by the application of sodium 
bicarbonate or powdered calcium carbonate. The mixture should be 
swabbed up with plenty of water after effervescence has ceased. Acid — y 
spilt on clothes should be treated immediately with dilute ammonia 
solution (ammonium hydroxide) and then washed off with plenty of. 
water. 4 
» Caustic alkalis should be neutralized by pouring on excess of dilute 
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acetic acid. Floors or benches should then be swabbed, or clothes 
thoroughly rinsed, with much water. y 


* 


Fire — Methods of redücing the risk of outbreaks of fire are given in 
Appendix G, page 347. Rules and fegulations are a necessary disci- 
pline in daily life as in the laboratory. But there is no need for pupils 
to have to regard them as an arbitrary list of ‘do’s’ and ‘don’ts’. As 
often as possible they should be explained, used as examples of prin- 
ciples and as principles for which there are numerous examples. “The 
prevention and treatment of outbreaks of fire’ is an important topic 
in everyday life as well as in the laboratory. It may be linked with 
lessons on burning, flames, rusting, breathing, air, oxygen, etc. Stress 
should be laid on the necessity for the exclusion of air in attempts to 
subdue a fire, and to illustrate the principle a teacher may quote such 
instances as:— 


Case of fire First step in treatment 
A person'sclothes — . . Wrap with heavy cloth or blanket 
In a house . : . . Keep all doors and «vindows shut 
In a mine . a ; . Stop ventilation; seal it off 
In a ship's hold . « . Close the hatches 


The use of a fire extinguisher simply provides a ‘blanket’ of heavy gas 
or foam to cut off the flames from the air. £ 

If fire does break out, rapid action must be taken in the following 
ways:— 


(a) A person whose clothes are on fire should be wrapped tightly in 
a fire-proofed blanket and rolled on the floor. (Any large blanket, 
coat or cloth will do as a substitute. Atcess of air to the flames 
must be cut off, so on no account. must the person concerned be 
allowed to rush about.) aie 

(b) An ordinary fire (of paper, wood, etc.) may be put out at once 
by sufficiently large quantities of water. 

(c) If inflammable substances ignite in beaker or flask, the fire«can 
often be extinguished arid prevented from spreading by pressing 
a sheet of asbestos over the mouth of the vessel. 

(d) Small fires due to oil, phosphorus, sodium, etc., can often be put 
out by smothering them with large quantities of dry sand or soil. . 

(e) If the fire is due to gas from the laboratory supply, or if the fireo 
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is near to a gas pipe, or if there is danger of the fire spreading, 
the mains stopcock should be turned off at once. f a 
» (f) If the fire is due to electricity, the current must be switched offat 


know the exact position of themains switch and how tb turn it off.) 
(g) In the case of any but the smallest fires, pupils should be sent 
out by the exit farthest from the fire. (Occasional fire-drill is | 
advisable to ensure good discipline.) 
(A) If there is the slightest danger of a large fire, all doors and 
' . windows should be shut to reduce the flow of air. j 
() Should there be any chance of failure by the above methods, fire — 
extinguishérs must be used promptly—but they must be of the 
right type:— ; 
(i) Soda-acid (carbon dioxide) is suitable for ordinary fires. 
(ii) The foam type is usually satisfactory for oil, sodium, etc. 
(iii) The carbon tetrachloride type is necessary for fires due to 
live electric circuits. The fumes from such an extinguisher 
are poisonous, and the laboratory must be well ventilated 
as soon as the fire is out. 


Accidents and first-aid—Insistence on the correct methods of using 
apparatus and materials (already emphasized in many places in this — 
book) prevents many accidents. However, the teacher must be pre- — 
pared to give first-aid if an accident does occur. Two main points ' 
must be remembered :— , 


(1) Treatment rust be prompt, appropriate and efficient. 

(2) The patient should be examined by a doctor at the earliest possible 
moment when:— —". 

(a) there is injury to an eye; 

( 5) there is any risk of an injury proving serious; 

(c) the teacher is in any doubt. (If no doctor is available, the 
patient should be taken at once to the nearest dispensary or 
clinic.) , o > 


» 


A short course in first-aid is helpful to any science teacher and gives 1 F 
confidence in dealing with an accident. A first-aid cupboard, readily 


accessible, kept well stocked, is essential. It is best to have a separate — 


` cupboard (one on the wall of each laboratory or preparation room), 


» 


the majns switch immediately. (Every teacher and pupil should — 
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preferably with a red cross painted on a white ground to draw atten- 
tion to its purpose. Dimensions of 2 feet x 2 feet x 6 inches are suit- 
able, a shelf being fitted in the middle. A lock is not to be recom- 
mended owing to the possibility of a missing key in an emergency. 
A list of materials for a first-aid kit for the laboratory is given in 
Appendix H, page 349. The kit must be kept scrupulously clean and 
in first-class condition. (Care is necessary: for instance, if tincture of 
iodine is allowed to evaporate, the solution becomes more concen- 
trated and may damage the flesh when applied to a wound.) 


The following notes are a guide to first-aid treatment in the labora- ` 
tory. (The teacher should wash his own hands thoroughly in soap and « 


water before dealing with a cut or burn.) 

Cuts —(a) Minor cuts and abrasions. (i) If clean, these should be 

swabbed with tincture of iodine on a pad of cotton wool, and then 
covered by a sterilized dressing, which may be held in position by 
adhesive tape or a bandage. (ii) Washing of the wound should be 
avoided unless it is dirty or contaminated by acid, etc. (Careful use 
of tweezers may be necessary to remove bits of glass,) A dirty cut may 
be swabbed with clean soapy water on a clean pad of cotton wool, 
then thoroughly dried and treated as in (i). 
(5) Arterial bleeding. A doctor's attention is needed, and a tourni- 
quet should not be applied without expert knowledge of procedure. 
A thick pad of gauze and/or cotton wool should be pressed over the: 
wound, If the pad becomes soaked with blood it must not be removed 
but covered by anothercand larger one, and the pressure maintained. 
(Fainting is a common sequel even to minor injury, and should be 
treated as described below.) Byes 

Scalds—The affected part should be batked gently with a warm 
saturated solution of sodium bicarbonate. It may then be treated as 
an ordinary dry burn. * y 

Burns—Ordinary dry burns, even when small, are often painful 


and should be treated at once. Various methods are advised by the 


experts, and it is best for the teacher to get the recommendations of 
he'school. The usual 


the doctor who will attend to any serious case at the 
simple treatment is to cover the place with a sterilized pad of gauze 


or cotton wool soaked in sodium bicarbonate solution (to be replaced 
before it gets dry). The pad should then be covered by a sterile occlu- 
sive dressing (to keep out all ‘germs’). (0) 


ther possibilities are to cover ,, ' 
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-al per cent. solution of sodium bicarbonate. 7 
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the part liberally with: a 3 per cent. sulphanilamide cream (to be left E 
for several ddys); or a gentian violet jelly, or a flavine jelly, which are 
sold in tubes for the purpose, with a daily and very careful change of — 
the dressing. In any case it is most important lo cover with the sterile 
dressing to exclude air. (It is best to sterilize dressings afresh when 
they are to be used—by heating in a steam or other oven—but they — — 
must never be applied hot.) 

Larger burns require medical attention at the earliest possible 
moment, but should be covered immediately by sterile occlusive — 
dressings, with or without the above-mentioned treatment. Every - 
effort should be made to get the patient to hospital quickly. 

Burns may produce shock, and when it occurs this must be treated. 

In certain cases special procedure is necessary, and afterwards the 
injury must receive the same treatment as a dry burn:— 

(a) Acid burns—must be washed immediately with large quantities 
of water (small amounts are dangerous) and then with sodium bicar- 
bonate solution to neutralize any remaining traces of acid. In the case 
of a concentratedssulphuric acid burn it is better to give a liberal 
sprinkling with the solid bicarbonate. (The alkali, or its solution, 
must never be applied before washing on account of the heat of - 
neutralization.) 

(5) Alkali burns—must be washed with large quantities of water and 
then with a 1 per cent. solution of acetic acid, or with lemon-juice. 
(c) Phosphorus burns—must be immersed in water and all traces 
of the substance washed away. The part should then be bathed in 
dilute silver nitrate solution. (Phosphorus burns are usually very 
severe.) , 

(d) Sodium and potassium burns—must be well washed with plenty 
of water after removal of the metal. 

Eye injuries—Any injury to an eje must be dealt with by a doctor 
as soon as possible. A drop of castor oil should be put itito the eye, — 
which must then be covered by a pad of gauze or cotton wool and. 
gently bandaged to exclude all light. The following preliminary treat- 


> 


ment is necessary in some cases:— : A 
(a) Acid in eye—The €ye should be opened and closed under water, 
or it may be washed out by a slow stream of water from a wash- 
bottle. It should then be rinsed several times with lime-water or à 
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(5) Alkali in eye—The eye should be thoroughly washed with water 
as in (a) and then with a 1 per cent. solution of boric acid. 

(c) Solid in eye—The eyelid may be turned back gently over a‘match- 
stick. Any obvious solid may be removed by a camel-hair brush 
dipped in glycerine. $ BR 

Poisoning—tIn all cases a doctor should be consulted as soon as 
possible after the following treatment has been given:— 

(A) Solids and liquids. If taken into the mouth they should be spat 
out at once and the mouth rinsed with much water, followed by a . 
suitable mouth-wash (e.g. saturated sodium bicarbonate solution for 
acids, 1 per cent. acetic acid solution for alkalis). $ 

When solid or liquid poisons are swallowed, the procedure should 
be:— 

(a) For corrosive substances the patient should be given white-of-egg 
or milk, and rice-water or barley water. The patient should not be 
encouraged to vomit and should not be given emetics or purgatives. 
(i) In the case of acids, much water, followed by lime-water or milk 
of magnesia, should first be drunk. (ii) For alkalismuch water fol- 
lowed by dilute (1 per cent.) acetic acid, or lemon-juice, should be 
taken. (iii) Zine compounds should first be treated by large quantities 
of dilute sodium carbonate solution. 

(5) For non-corrosive poisons, an emetic should be given at once, 
e.g. a tablespoonful of common salt or a teaspoonful of mustard in. 
a tumbler of warm water, to encourage vomiting. Then white-of-egg, 
rice-water, etc., should oe taken. E 

(B) Gases. The patient must be taken into the fresh air'at once, cloth- 
ing must be loosened, and (if he is conscious) a stimulant such as hot 
coffee should be given. If the patient is unconscious, he should be 
treated as in the case of fainting. If necessary, artificial respiration 
must be applied. (To counteract^chlorine or bromine fumes, the 
patient should smell ammonia and rinse the mouth and throat with 
sodium bicarbonate solution.) 

Electric shock—The first thing is to switch off the current. If neces- 
sary the victim must be treated for burns and shock. He should be 
made to lie down flat and should be kept quiet and warm. In serious 
cases artificial respiration may be required. i 1 

Fainting—If a pupil feels or looks faint after an accident, his cloth- — 
ing should be loosened, and he should be made to sit in the open air « 
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with head between legs. Smelling salts should be applied, and a little 
cold water oz stimulant (such as hot sweet tea) may be given, but only 
if he is quite conscious. If he is unconscious, he should be laid on his 
back with head on one side. Smelling salts should be applied and he 
should be kept very Warm. On recovery he should be kept quiet for 
some time; and care should be taken to see that there is no relapse. 

Shock—Symptoms and treatment are similar to those of a faint. 
Rest, quiet and warmth are essential. 
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Some Events, Names and Dates in the History of 
qm Scienze Í 

c 
A chart of this kind may be developed (and extended), in whole or in 
part, for any topic or series of topics in a science course. It may also 
be used to emphasize the ‘international’ nature of scientific work. The 
items selected here are merely examples: the teacher must make up. 
his own tables to suit the syllabus covered by his class. 
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| Approxi- | 


Eyen [i mat seas 
| date 
| Be. 
Invention of the wheel . . . . . 3000 
Metals used—chiefly as weapons . . 2000 | (Beginning of Bronze Age) 
Iron used in quantity . . . . - 1000 | (Beginning of Iron Age) 
A first theory of matter. . : 600 | Thales (640-546) 
Theory of *Earth floating in space" . 580 | Anaximander (610-545) 
Ideas of harmony (vibrating pute. 520 | Pythagoras (560-500) 


First theory of ‘atoms’ 470 | Anaxagoras (c. 500-c. 428) 


Development of theory of * atoms. 440 | Democritus (c. get 
Ideas about ‘Earth in motion’. . . | 400 Philolaus Cot Se 
Theory of the ‘Four Elements’. . . 350 | Aristotle a 
Development of systematic geometry . 300 | Buclid( ? - ? T 
Principles of density and levers. . 250 Archimedes (c. doge ) 
jee AD: ^ vais i 
Theories of astronomy and geography | 140 | | Pto lemy ( K 
Animals dissected. | 160 | Galen (124-199). 


Study of reflection and pin-hole: camera 1000 , | Al Hazen (965-1038) 
Alchemy in Europe . . E I 
Fobhadis on experimental method .q 1250 Roger. Pacon Mm 
Discovery of magnetic compass 1300 |'Gioj?( ? - 


e| 1450 Gutenberg (1398-1468) 
Invention of printing by moveable type | d SOS 


Idea of ‘Sun as centre of universe’ | 1500 

Study of human anatomy . . . «| 1540 | Vesalius PN | 
Study of earth's magnetism ees] 1570 | Gilbert ^ S de 1800) 
Accurate astronomical observations . 1580 | Tycho Brahe 


lum | 
Work on the telescope, the por um 1600 | Galileo (1564-1642) 


and mechanics . 
Study of planets—laws of motion. . p 1600 | Kepler (1571-1630) 


Shy ee Y ced 1610 | Van Helmont (1577-1644) ,, ' 
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i | ea o | 

' Event | mate 

S | date 

B DORAD: 
Invention of microscope . . . .| 1610 
Study of blood circulation. . . . 1610 
Study of vacua—mercury barometer . 1630 
Use of air pumps  . pate a 1650 
Discovery of Pascal’s law shade nas 1650 
Statement of Boyle’slaw . . . . 1660 
Work with the microscope. . . . 1660 
Discovery of Hooke's law . . . . 1670 
Study of velocity of light . . . .| 1674 
Discoveries in astronomy  . .| 1690 
Steam engine (first piston engine) . $ 1690 
Coal distilled . Sori 1690 
Use of mercury thermometer . . | 1714 
Study of positive and negative electricity 1740 
Classification of plants . . . 1740 
Study of latent heat. . | 1760 
Determination of composition of water 1760 
Discovery of oxygen . . NE 1770 
Development of steam engines zo TO 
Work on electric cells . . . . . 1770 
Discovery of chlorine. . . . . .| 1770 
End of ‘phlogiston theory’. . . . | 1770 
Ideas about organic evolution mans” 1780 
First attempts at vaccination . . . 1780 
Discovery of planet Uranus . . . | 1781 
First balloon ascent. . . TAS 1783 
Further discoveries in electricity T 1800 
Statement of atoniic theory .| 1800 
Statement of Ampére’s rule . . . | 1800 
Production of first locomotive . .| 1804 
Study of combining volumes cf gases. | — 1810 
Work in electro-chemistry . Siren 1810 
Further electrical discoveries . . . 1810 
Beginnings of photography . . . 1814 
Invention of stethoscope . . 3 1816 
Study of electro-magnetic induction . 1820 
Invention of electric bell — . | 1831 


Study of mechanical "quivalent of heat 1840 


"Theory of evolution announced 1840 
Discovery of planet Neptune . . . | 1846 
Study of micro-organisms . . 1860 
Statement of electro-magnetic theory . | 1860 
Study of heredity . . . . . .| 1860 


)Dynamite produced. . . . . . | 1869 


Some 
important names 


| Harvey (1578-1657) 

| Torricelli (1608-1647) 

| Guericke (1602-1686) 

| Pascal (1623-1662) 

| Boyle (1627-1691) 
Leeuwenhoek (1632-1723) 
Hooke (1635-1703) 
Roemer (1644-1710) 

| Halley (1656-1742) 

| Newcomen (1663-1729) 

Clayton ( - ) 

Fahrenheit (1686-1736) 

Franklin (1706-1790) 

Linnaeus (1707-1778) 

Black (1728-1799) 

Cavendish (1731-1810) 

Priestley (1733-1804) 

Watt (1736-1819) 

Galvani (1737-1798) 

Scheele (1742-1786) 

Lavoisier (1743-1794) 

Lamarck (1744-1829) 

Jenner (1749-1823) 

Herschel (1738-1822) 

De Rozier (1756-1785) 
Volta (1745-1827) 

| Dalton (1766-1844) 

Ampère (1775-1836) 


Gay Lussac (1778-1850) 
Davy (1778-1829) 

| Ohm (1781-1845) 
Daguerre (1789-1851) 

| Laennec (1781-1826) 
Faraday (1791-1867) 
Henry (1797-1878) 
Joule (1818-1889) 
Darwin (1809-1882) 

| Adams, Leverrier, Galle 
Pasteur (1822-1895) 
Maxwell (1831-1879) 
Mendel (1822-1882) 

| Nobel (1833-1896) 
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"S T 
€ | | 
Approxi- | c 
Event | mate | A pome 
important names 
. date 
—— ee NU al 
$ A.D. a 


Elements classified in periodic table . 1869 Mendeléeff (1834-1907) 
First typewriter produced 1873 


Invention of telephone (commercial) . 1876 | Bell (1847-1928) 

First gramophone made . . . . 1877 | Edison (1847-1931) 

Incandescent electric lamp invented . 1878 | Edison, Swan 

First automobile produced. . . . 1879 

Detection of wireless waves hos 1887 | Hertz (1857-1894) 

First motion picture shown . . . 1893 (Edison , 

Discovery of X-rays. . . . . . 1895 | Róntgen (1845-1923) 

Discovery of radioactivity . . . . 1896 | Becquerel (1852-1908) 

Existence of electrons shown . . . 1897 |J. J. Thomson (1856-1940) 

Radium isolated. "2 PEE 1898 The Curies (1859-1906, 
| 1867-1934) 

First transatlantic radio signal. . . | 1901 Marconi (1874-1937) 

First aeroplane flight . . . . . 1903 | The Wright brothers 

Theory of relativity stated . . . . | 1905 Einstein (1879-1955) 

First synthetic resin produced . . . | 1906 Baekeland (1863-1944) 

Study of conditioned reflexes . . . | 1910 | Pavlov (1849-1936) 

Discovery of atomic structure. . . 1911 | Rutherford (1871-1937) 

Investigation of vitamins . . . . | 1912 | Hopkins (1861- —) 


1915 | Bragg (1862-1942) 


Study of crystal structure 
1919 | Rutherford 


Transmutation of an element . 
Discovery of penicillin . . . . 1928 | Fleming € J 
Radioactivity produced artificially 1934 | Curie and Joliot 

Study of atomic fission . . . . .| 1938 Hahn and Strassmann 
Explosion of first ‘atom bomb’ . . | 1945 


D 

Note.—It should be mentioned that such a list indicates progress in mechanical 
skills as well as the growth of scientific knowledge. ; 

The teacher should make sure that pupils understand: —— aij 

(a) The reason for describing the dates as approximate. It is difficult to decide 
upon exact dates because: (i) the information is sometimes lacking; (ii) a dis- 
covery may remain unnoticed, or the records may not be published, for many 
years; (iii) dis&overies and inventions are often the result of many years of yn 
gation; (iv) many people in different countries often work along similar lines 
during the same period. j 

(b) That under ‘important names’ it is possible 
most outstanding. It must ke remembered that in m 
deserve inclusion. In some cases no names are give : 
may be obscure, or development has been gradual and carrie 
people in various places. 


to give only one or two of the 
ost cases many other workers 
n because the actual origins 
d out by several 
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Stars and Planets 


> 


» > 
The columns of table (i) give the following data:— 


(a) The names of the brightest stars in descending order of bright- 
ness. 


(b) The name of the constellation in which the star appears. (The 


signs of the zodiac are printed in capitals.) 


(c) The month when the star reaches its highest point above the 


horizon at about 8 p.m. local time. 

(d) The month when the star reaches its highest point above the 
horizon at about 10 p.m. local time. 

(e) The angle between the elevation of the star, when it is at its 
highest in the sky, and the elevation of the sun at noon, local 
time, during the month given in column (c). For example, to find 
Capella during January at 8 p.m., the observer shoul first look 
toward the place where the sun appeared to be at noon by local 
time, and then turn his gaze northward rough d 10° (approxi- 
mately). 


Note—«-Centauri and f-Centauri are the ‘pointers’ for the Southern 
Cross. -Centauri is the farthest from the Cross. It is the nearest 
bright star to the Earth, which its light takes about four years to 
reach. 

Of the four bright stars which outline the Southern Cross, «-Crucis 
is the farthest south, and ff-Crucis the farthest east. 

In the HEAVENLY TWINS, Castor is to the north of Pollux. 

The columns of table (ii) show the names of the planets, their dis- 
tances from the sun, their diameters, and the times taken for their 
orbits. 

The positions of the planets relative to the stars yary during the 
course of the yeas, and the’ brightness of each is also variable. (The 
positions of the planets in the sky at a particular time must be found 
from an appropriate almanack.)—See notes on page 288. ' 


® 


@ 


(i) Stars in descending order of brightness ha 


a 
4 


| ; Aan 
| Time of northing © 
| or dubi d a 
Star Constellation position 
8 p.m. 10 p.m. | at ngon 
Month Month 
(a) (5) (o) (d) (e) 
Sirius . Big Dog February | January 10* S 
Canopus Ship Argo February | January 40° S 
«- Centauri , Centaur June May 80° S 
Vega . Lyre * | August July 30^ N 
Capella Charioteer January December | 70° N 
Arcturus Herdsman June May 0° 
Rigel Orion January | December | 10° N. 
Procyon Little Dog February | January 20* N. 
Achernar . River Eridanus | December | November | 30^ S. 
B-Centauri . Centaur June May 80° S. 
Altair . Eagle September | August 10° N 
Betelgeuse . Orion February | January 20° N 
a-Crucis Southern Cross | May April 80° S 
Aldebaran . BULL January | December | 40° N 
Pollux . HEAVENLY TWINS | March February 30° N. 
Spica VIRGIN May April 30° S 
Antares SCORPION July June 50° S 
Formalhaut Southern Fish October September | 20° S. 
Deneb . Swan September | August 40° N. 
Regulus . | LION | April March OF NS 
B-Crucis Southern Cross | May April 80° S. 
Castor . HEAVENLY TWINS | March February 30° N. 


UT. 3 a * 
(ii) Planets in increasing order of distance from, the sun 


a 


| Distance Time taken 
| from sun Diameter | to complete 
PE (millions | (thousands | orbit 
of miles% of miles) (years) 
s: | 
Mercury . 7 36:1 3:2 0:24 
Venus Y 67 XM 7:85 0:62 
Earth . 93 M e D NE 1:00 
Mars . |. 08142 13] a425 © 188 
Jupiter ” 483 89 11:9 
Saturn 887 75 29:5 
‘ Uranus . 1785 31 84 
Neptune . | 2797 33 165 
Pluto . | 703675 4 248 
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Note—Mercury i is only visible for,not more than half an hour either | 
befóre sunrise or after sunset. 

; Venus is visible for not more than three hours either before - 
S sunrise or after sunset. 
» Mars, Jupiter and Saturn are often very conspicuous objects - 

in the sky. 

Uranus only, of the remainder, is visible to the naked eye, and 

has the appearance of a faint star. 


` (iii) Latitudes and dates when the sun is directly overhezd at noon 


b 


^ ! 
Latitude » Dates | Latitude | Dates 
23-5°N.. | June 211 | June 211 |23:5?S.. | Dec. 22% | Dec. 22! 
; 23°N. . July 3 101312358... ] Jan. 2 11 
220 NIU; 12 131412258, —..| 10 3 
2I NOM 19 May26 ||21°S. . 16 Nov. 27 
20 NES 24 2198 209 $7 | 21 22 
19N. . 29 1617 | 199, |. 25 18 
18 N. .| Aug. 2, 12:9 18 Sis. | 29 14 
I7N. . 6 SEMIMZASAES Feb. 2 10 
16 N. . 9 Sa 16" S. ^. 5 1 
15 NO 12 1 BEST 9 3 
IEN: 16 Apr. 28 I 1E S. . 12 Oct. 31 
BEN.: 19 25a pid S v. 15 28 
129 Nini 22 mee js . 17 25 
TINO 25 EI jus .| 20 22 
10° N. 28 B6 0s. .. | 23 20 
oN). 31 13 CECH E 26 17 
8°N.” . | Sept. 2 11 sg. 28 14 
TN -. 5 8 TS] Mar. 3 12 
6 Nr . | 8 5 6 Say. | 6 9 
SNR 10 Bi SISA, 8 6 
4°N. ». 13 Mär. 31 TuS 11 4 
BSN 16 29» || 39S. .| 13 1 
2 NS 18 26 |?29"S. = | 16 Sept. 29 
PNP 21 23 TuS 18 Je 26 
Equator . 234 21* | Equator 21s 23* 
n TE] ET $ 
m = 3 T > af — P Ae 
1 Summer solstice. 2 Winter solstice. 


* Spring equinox, * Autumn equinox. 
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A Typical Skeleton Syllabus 


A 4-year course in General Science. (Parts in parentheses are suitable 
for inclusion in a fifth year, if the pupil is not already specializing in 
one or more branches of science.) 

The sections from ‘PLANTS’ onwards must be fitted into the scheme, 


when most suitable and appropriate, according to times and seasons.» 


4 


4 


WATER 


Local sources, rivers, springs, wells, artesian borings; prevention of 
contamination. 

Purification of large quantities, filtration of town supplies ; (chlorina- 
tion). 

Purification of small quantities, filtration, boiling, distillation. 

Aqueous solutions, crystallization and purificatiof of soluble salts; 
water of crystallization, hydrated and anhydrous salts; efflores- 
cence and deliquescence; desiccators and similar devices. 

A necessity of all life, transpiration in plants. 


Evaporation, associated with cooling; cooling devices in a hot cli; 


mate; water in the atmosphere; wet and dry climates; sweating. 
Plants adapted for dry climates ; (change“of vapour pressure with 
change of temperature). : 


© 


e 


AIR L] 


Composition, active and inactive constituents; (rare gases). 

Breathing, respiration in plants añd animals. | 

Burning, common products from naturally occurring materials; 
(i) water, (ii) carbon dioxide. 

Rusting of iron, necessary conditions, prevention. ‘ 

Active constituent; isolation from mercuric oxide and other sources; 
properties. Manganese dioxide as example of a catalyst. 

Common oxides, acidic and basic oxides. 

Ventilation. 

The flame, e.g. candle and Bunsen flames. 


* LI 
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Fire extinguishers, prevention of fire. 
Solution in water, removal; biological importance. 
Adaptatión to environment; fish, amphibians. 


is 4 


9 . 


CARBON DIOXIDE 


Product of breathing, presence shows that plants and animals contain 
carbon. 

Photosynthesis during sunlight, but respiration a continuous process; 
carbon cycle. 

Carbonates, produced by living creatures, foraminifera, coral; a 
source of carbon dioxide. 

Isolation, properties and uses. 

Part played in cooking; baking powder, yeast, ferments in local use. 

Chalk or limestone, lime, lime-water and their relationships. 


2 HEAT 


Sources. 
Melting, difference from solution. 
Transference: (a) Convection: (i)in gases; ventilation, rain and 
thunderstorms; 
(ii) in liquids; ocean currents; 
(b) Conduction: insulators and conductors; clothes, 
» vacuum flask; 
(€) Radiation: effect of surfaces, reflection of radiant 
» heat. 
Measurements of temperature; thermometers, thermometer scales; 
thermostats. Kn 
Effects: (a) Expansion of solids, compensating devices; 
of liquids, comparison of vwd used in 
thermometers; 
of gases, Charles’ law; absolute zero. 
(b) Change of state; melting and boilirz points, and methods 
of determination. 
Measurement; simple comparisons of heat capacity, specific heat, 
latent heat. 
Humidity; wet and dry bulb thermometers; the cryophorus. 


» 


» 
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? THE NIGHT SKY 


Phases of the moon. a 
Planets and stars. . 

Apparent movement of the stars. * Š k 
Meteors and comets. i 
Galaxies and nebulae. 

(Fixing the position of a star.) 


MECHANICS 


Levers, pulleys, gears, cranks, etc., with simple calculations on 
mechanical advantage, velocity ratio and efficiency. 

Friction; practical effects, means for increase and reduction ; (laws of). 

Structural importance of triangles. 

Straight line movement and acceleration. 

Force; various kinds, measurement, Hooke’s law. 

Work and power. 

Energy; storage; kinetic and potential, the characteristics of a 


pendulum; 
conservation and transformation of energy (mechanical 
equivalent of heat). ý 


Engines; water-wheel, windmill, steam engine, four-stroke petrol 
engine, turbine, jet, jet-turbo ; (thermal efficiency). 
Pumps and valves; sprays and jets. ‘ 


o 


SOUND bi f 


Speed; need for material mediunf. 

Frequency ‘and wave-length, their measurement. 

Audibility, limits; echoes, echo-sounding. 

Vibrations, transverse and longitudinal ; (sine, curve, resultant of two 
simple harmonic motiotis, beats, interference. 

Music, notes and noise, conditions of harmony. 

Musical instruments. 

Resonance. 

(Moving source and change of pitch, Doppler died.) 


[7 


«9 


$ 3 € 


292 d. APPENDIX C 


LIGHT 


Straight line bropagation; shadows, point source and large source; 
eclipses; pin-hole camera. 

Reflection at plane surfaces, comparison with radiant heat; position, 
nature and size of image. 

Reflection at concave and convex surfaces; position, nature and size 
of image. 

Refraction at plane surfaces; total internal reflection, examples by 

” construction (and by calculation; Snell’s law). 

Convex and concave lenses; correction of sight ; (position, nature and 
size of image). 

The camera and the eye. 

Reflecting prisms; other optical apparatus (microscope, telescope). 

Colour, spectrum colours, association with wave-length, coloured 
bodies in coloured light; primary colours and colour blindness; 
addition of colours (subtraction of colours, colour printing and 
colour photography). 

(Association of wave-length with chemical elements, spectrum 
analysis, composition and speed of stars.) 


WATER AS A COMPOUND 


Effect on metals, activity series. 

Hydrogen, isolation and properties, reduction. of oxides. 

Elements, compounds and mixtures; atoms and molecules—com- 
parison of water and air in this respect. 

Physical and chemical changes, comparison. 

Law of constant composition ; simple formulae (and calculations). 

Law of multiple proportions. 

(Evidence for the existence of atoms and molecules.) 


W > ACIDS AND BASES 
n 
Metals and non-metals: convenient categories. 
Salts, preparation and purification by various methods. 


Solubility; construction of solubility curve. 


` Strong and weak acids and bases. 


G © 
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. H H tor * 
Acids from salts; carbon dioxide—revision; hydrochloric acid, 
isolation and properties; nitric acid, isolation and properties; 


explosives. e 
Alkalis from salts; amnfonia, isolation and properties; nitrogen cycle, 
Acidic and basie salts. pone ex, 


e 


Chlorine, isolation, properties and uses. 


DENSITY 


Weight per unit volume. ij 
Floating and sinking; hydrometers. " 


Archimedes’ principle, and upward lift; balloons and"submarines. 


PRESSURE 


Weight per unit area. 
Hydraulic presses and brakes, etc. 
Measurement; manometer, head of water, Bourdon gauge. 
Pascal's experiment. M 
Effects: on gases—Boyle's law (calculations involving N.T.P.); 
on ice—regelation, movement of glaciers; 
on boiling points—pressure cookers, sterilizers ; (distillation 
under reduced pressure, distillation of crude oil, evapor; 
ated milk). 
Atmospheric pressure; measuring devices and records; weather in 
more detail; clouds. x 
Refrigerators. D a 


b 
CARBON AND ITS COMPOUNDS 
e 


The element and its allotropes. ° 


Facility to form complex compounds, e.g. paraffins. 

Starch, sugar, alcohol, enzyme action ; the effects of alcohol on the 
human body. a rhe ? 

Oils and fats, saponification? 

Soap and glycerol; local manufacture of soap: 

(Colloidal solutions, smoke, etc.) 

Hard and soft water—especially for schools in hard water areas. 

Carbon monoxide; characteristic flame ; (isolation). 


" 
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SULPHUR 


9 
The element and its allotropes. 
(Sulphuric acid manufacture.) 
(Sulphur dioxide.) ° o ^» , 


ELECTRICITY AND MAGNETISM 


Current, sources; generation and storage; primary and secondary 
* "cells. 
The circuit—the fundamental idea: 
"something pushed—the current, 
something to push it—the voltage, 
something to carry it—the conductor, offering a 
resistance. 
Ohm’s law, conductors and cells in series and parallel. 
Insulators and conductors; variable and fixed resistances. 
Effects: heating, chemical, magnetic. 
Electrolysis (laws); electroplating ; (secondary reactions, preparation 
of chlorine and caustic soda). 
Electro-magnetism, simple motors and dynamos. 
Measuring instruments, alternating and direct current; their position 
* in the circuit ; (all-test instruments, bobbins and shunts). 
Common appliances; examination of house wiring system; switches, 
fuses, ete. ; earthing; arcs, electric welding. 
Watts, kilowatts, kilowatt-hours or units; calculation of consump- 
tion and cost. 
Induction coil, transformers and power transmission. 
Telegraph and telephone; microphone. 
Earth’s magnetism. a 
Magnets; making and destruction of magnetism. 
Electro-magnets and their uses; electric bell. 
(Radio; crystal, diode, triode, amplification, rectification.) 
(Electro-magnetic ‘waves, the full scale.) 


LE 


STRUCTURE OF THE ATOM 


. Radioactivity, periodic table, fission.) 


» 
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WORLD’S MINERAL WEALTH 
Oil and its products. o 
n H s o 
Metals, from ores: by, reduction, iron, (copper); by electrolysis, —'. 
aluminium, (sodium). "6 o 
Alloys, ferrous and non-ferrous; properties and uses ; (manufacture 
of steel). 
PLANTS 
Germination of seeds, conditions of germination. d 
Responses to stimuli: light, watef, gravity. ‘ 


Function of parts: root, stem, leaf, flower. 

Fertilization, seed dispersal. 

Food manufacture; photosynthesis. 

Food storage and transfer, 

Propagation, methods of: budding, layering; seeds, bulbs, suckers, 
corms, runners, root and stem tubers, etc. 

Cycles of growth and decay. o 

Carbon cycle. 

Nitrogen cycle; ammonia, nitric acid, nitrates; bacteria; crop 
rotation. 

Simple classification. 


SOIL 


Constituents and types; humus; sy natural and artificial. 
Erosion, causes and prevention. ¢ 
o 


* 
= e 


CAPILLARITY 
9, ^ 
Surface tengion, drops, bubbles; action of soap and other detergents. 


OSMOSIS, ,. — e 
9 B fel . 
Movement of fluids through membranes in living organisms. 


DIFFUSION 


In gases and liquids. 
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INSEOTS, etc. 


, A selection ffom: flies, beetles, moths or butterflies, bees or wasps, 
à ants, termites, spiders. 
Study of structure, mttamorphoses;*food, breathing, réproduction, 
social 'organization. 


ADAPTATION TO ENVIRONMENT 


Fish, amphibians, birds, mammals. 
> ? 


E ANIMALS, INCLUDING MAN 


Main skeleton; work of muscles, attachment of arm and leg muscles. 

Control mechanisms, responses to stimuli. 

Blood, as oxygen carrier; systemic and pulmonary circulations; 
structure of veins and arteries; first-aid. 

Food, main constituents, tests for; calorific value; vitamins. 

Digestion; enzymes; tests to show main processes. 

Excretion; breath; sweat; kidneys and bladder; large intestine and 
anus. 

Blood, as carrier of nourishment and waste; other functions. 

Blood—summary of functions. 

Reproduction; heredity, simple genetics. 

Simple classification, tracing common features through various 
phyla; development of digestive and nerve systems from simple 
to complex examples. 

Evolution, evidence for; Classification, distribution, vestigial remains, 
fossils. 


o 
> 


THE CELL 


Living units, from which organisms are built up. 


es 2 4 


MICROSCOPIC ORGANISMS 


A one-celled animal, a rather more complex animal; a microscopic 
, plant, a yeast, a mould. 
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BACTERIA and VIRUSES 


In health and disease. 
Immunization, vaccination. 
Antiseptics and antibiotics, — * 
Food preservation. 

Social hygiene: sanitation, disposal of refuse. 


e. 
e 


LOCAL DISEASES 


Causes, prevention and simple tréatment. 
Malaria, hookworm, sleeping sickness, beri-beri, etc. 


NATURE ACHIEVES A BALANCE 


Man’s interference with nature; agriculture as planned co-operation 


with nature. 
(Biological control of pests.) e 


o 


a 
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I. Some further examples of 


Instruction Cards for Pupils’ Experiments 


(see page 103) 


(1) The density of a substance ‘lighter’ than water 


MM Mt 
EXPT. 8—To find the density of a bottle cork 


Apparatus: Cork, glass measuring cylinder. 


Method: 


Partly fill cylinder with water. 

Read water level. 

Let the cork float in the water. 

Read water level. 

Push cork just under the water with a long pointed instrument 
(e.g. compass). 

Read water level while cork is submerged. 

Calculate WEIGHT of cork from displacement while floating. 

Gay LE of cork from total displacement when sub- 
merged. 

Calculate DENSITY of cork. 


5 
In note-book write numbereand title of expt. 
Leave ten lines blank and theñ record measurements and calculations thus: 


-. Volume displaced when floating 
^. WEIGHT of cork 


-. VOLUME of cork 
^. Density of cork 


First water level i; 
Water level, cork floating 
Water level, cork submerged 


it tl 


Volume displaced when submerged 


foie wet 


In space left blank write an exact description, in order, of how the experi- 
ment was carried out, 


g o 
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EXPT. 26—To examine the wing of a bat 
Provided: A dead bat. 


In note-book, write number and title of experiment and then. write the 
answers to the following questions: 1 


(a) What is the length of the bat from head to tail? 
(b) What is the length of each wing when fully stretched out? 

(c) How many ‘fingers’ are used to keep the wing in shape? 

(d) Is there a ‘fifth finger’? if so, what is its shape? 

(e) For what purpose might this ‘fifth finger’ be used? 

(f) Are there any feathers on the wing? 

(g) What does the wing feel like to touch? (Describe it in a sentence.) 
(h) Are the wings attached to the body of the bat? 
(j) Are the hind legs attached to the wings? 

(k) Is there anything else to notice about the wings? 


@ 


Draw the wing as it appears when stretched out. 


(3) A series of experiments on saliva 


a (se pages 105-6) 


In the four typical instruction cards which follow, the parentheses 
indicate where the pupil should record results, but here some repre- 
sentative observations and conclusions are included :— e 


pi ae : | 
> ) 
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3» (a) Does saliva react with starch? 


> 


LI 
EXPT? I—To examine the action of saliva on starch 
Provided: Starch solutign, iodine solution, test-tubes, watch-glasses. 


LE " s : 
Prepare: Saliva solution according to instructions. 


Method: Place a drop of iodine solution in each of eight watch-glasses. 


Mix equal quantities of starch and saliva solutions in a test-tube; 
note the time. Using a clean glass tube, extract a drop of the 
mixture and place in watch-glass 1. Note any colour change. 
After half a minute extract another drop of the mixture, using 
a clean glass tube, and place in watch-glass 2. Note any colour 
change. After one minute from the time of mixing, and with 
a clean tube, extract another drop of the mixture and place in 
watch-glass 3. Note any colour change. Repeat the process, each 
time with a clean tube, 2 min., 5 min., 10 min., 20 min., 30 min. 
after mixing, in the other watch-glasses. 


Control experiment:—Test the original starch solution at the 
beginning of the experiments, and after it has been standing 
for 30 minutes unmixed with saliva. (Place a sample in each of 
two other watch-glasses containing a drop of iodine solution, 
and note any colour changes.) 


Write the number and title of the experiment in note-book, describe it and 
record the results in a table thus: 


Saliva Colour 
acting with | Conclusion 
for: iodine 


je 
| (starch present) 
(starch present) 


i 
il 
) 
o) i 
(brownish) | (starch absent) [ 
————— | — ———— — | 
Í 
Cuntrol expt. Starch solusion znd iodine 
At beginning (blue coloration) ] 
Conclusion (starch present) 1 


Starch solution and iodine 
After 30 min. (blue coloration) 
Conclusion (starch unchanged) 


General conclusion: (Saliva causes starch to change into something else) 
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(2) Does boiled saliva react with starch? 
-—— — ——— ^ UP 


EXPT. 2—To examine the action of boiled saliva on starch 


Provided: Starch solution, iodine solution, test-tubes, watch-glasses. 
Prepare: Saliva solution according to instructions. 


Method: Boil a solution of saliva gently for ten minutes. 

Place a drop of iodine soluxjon in each of eight watch-glasses. a 

Mix equal quantities of starch and saliva solutions in,a test-tube; 
and note the time. 

Using a clean glass tube, extract a drop of the mixture and place 
in watch-glass |. Note any colour change. 

After half a minute extract, using a clean glass tube, a drop of the 
mixture and place in watch-glass 2. Note any colour change. 

After one minute from the time of mixing, using a clean tube, 
extract another drop of the mixture and put in watch-glass 3. 

Note any colour change. 

Repeat the process, each time with a clean tube, 2 min., 5 min., 
10 min., 20 min. and 30 min. after mixing, in she other watch- 
glasses. 


Write the number and title of the experiment in note-book, describe it and 
record the results in a table thus: 


Boiled Colour $ 


saliva with Conclusion 


acting for: iodine 


(starch present) 
(starch present) ° 


) 
) 
) 


Conclusion: (Boiled saliva has no effect on starch) 


» 


a ) 


APPENDIX D 


s J L i 
ce} Does saliva act best in acid or alkaline solution? 


EXPT. 3—To examine the action of saliva when the solution is 
(a) acid, (b) alkaline 

LI ? > 2 

PA V¥deds Starch solution, iodine solution, test-tubes, watch-glasses. 


Prepare: Saliva solution according to instructions. 


A test: Test saliva by moistening a piece of red litmus in the mouth, (It 


will be found that saliva is usually alkaline to litmus.) 


Method: Take a test-tube one-third tull of saliva solution and add about 
2*drops of dilute hydrochloric acid, so that the solution gives 
a faint acid reaction with blue litmus. 


Take a test-tube one third full of saliva solution and add about 
2 drops of caustic soda so that the solution gives a definite blue 
colour to red litmus. 


Place a drop of iodine solution in each of eight watch-glasses. 
3 


Mix equal quantities of starch and acid saliva solutions in a test- 
tube; note the time. After | minute extract a drop of the 
mixture, with a clean glass tube, and place in watch-glass |. 
Note any colour change. Repeat, using a clean tube, after 5, 10 
and 30 minutes from the time of mixing. Place samples in 
watch-glass 2, 3 and 4, respectively. 

Repeat the four tests, at the same intervals, this time using a 
mixture of starch and alkaline saliva solutions. 


Wiite the number and title of the experiment in notebook, describe the 
experiment, afid enter your observations in a table thus: 


(a) a (b) 


Starch and 
acid 
saliva, 
after: 


Colour 
with 
iodine 


Conclusion 


|| Starch and 
| alkaline 
| saliva, 


| after: 


| min. 


(blue) 1 


(starch 
present) 
) 
( 
(starch 
present) 


5 
10 
30 


l 

| 

| | min. 
| : 

| 

| 

| 

I 


Colour | 


with Conclusion 
iodine 


(blue) | (starch 
present) 
| (ronda t ) 
ist ) 
| (starch 


brown 
f ) absent) 


Conclusion: (Saliva remains active in the presence of alkali but loses its 


activity in the presence of acid) 


€ e 
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d ] 
(d) At what temperature is starch most readily affected by saliva? 


EXPT. 4—To determine the temperature at which ‘saliva acts 
most quickly on starch 
LI 


Provided: Starch solution, iodine Solution, test-tubés, watch-glasses, ther- 
mofneter, beakers, ice. oe 


Prepare: Saliva solution according to instructions. 


Method: Place a drop of iodine solution in each of five watch-glasses. 

Cool two test-tubes, containing respectively saliva and starch 
solutions, by standing them in a beaker of water kept at 5° C. 
by the addition of ice. When both solutions are at 5° C., mix: 
them, keeping them atgthe same temperature. Extract a drop 
of the mixture with a clean glass tube | minute after mixing, 
and place in watch-glass |. Note any colour change. 

Extract another drop of the mixture with a clean glass tube 
5 minutes after mixing, and place in watch-glass 2. Note any 
colour change. 

Repeat the process, adding samples extracted after 10 min., 
20 min. and 30 min. to watch-glasses 3, 4 and 5 respectively. 


Repeat the five tests, this time keeping the solutions before and 
after mixing at 20° C, 


Similarly repeat the five tests keeping the solutions before and 
after mixing at 30? C. 


Repeat at temperatures of: 40° C., 60° C., 80° C. 


Write the number and title of the experiment in note-book, describe it, 
and record results and conclusions in a table thus: 


Temperature 
Saliva: |= -e—— — ATO tae 
acting || 52 | 20° C. 30° C. 
for Sn 


T E^ | 3 
Colour | Conclusion || Colour | Conclusion Colour Conclusion 


| min. | (blue) T (Starch 


| (blue) | (starch || (blue) | (starch - 
present) A 
5 (blue) | ( j (ue) | ( 


i "ET blue) cani 
I0 , | (bl ( purple 

202 esate) ( ) j ( ) trom) 

30 , | (purple) | ( dye AT nso’ i 
ERES Temperature, " 

Soe ee We. 


T bl 
Y: INI 
TE Wr 
3 (purple) | ( — ) 


s II. Some further examples of 
Science *Quiz' Cards and Answer Cards 


(see pages 134 and 172-3) 


*QUIZ' CARD 2 
1. What is the speed of sound in air? 


2. An apparatus with a name ending in ‘-scope’ 
shows something; an apparatus with a 
name ending in '-meter' measures some- 
thing: e.g. compare the names 'thermo- 
scope’ and ‘thermometer’. 

Name other similar pairs. 


3. Name two organs of the body mainly con- 
cerned with purifying the blood. 


4. What element” most closely resembles 
sodium? 


5. What colour is the outside arc of a rain- 
bow? 
Give the initial letters of the seven colours 
of the rainbow in order. 


6. What instrument is used to measure the 
length of a curved line? 


7; ans the formula used to represent Ohm's 
aw. 
8. At what temperature does ether boil? 


9. Name the three parts of vascular bundles 
in plant stems. 


10, What name is given to a wheel which 
turns about a point not its centre? 


Answers to ‘Quiz’ 2 


1100 ft. per sec. 


Microscope 
Micrometer | 
or 
Spectroscope 
Spectrometer 
Liver 
Kidneys 
Potassium 


Red 
V.I.B.G.Y.O.R 


Opisometer 


v V 
V—CR, or c^ ^ or ree 


35°C. | 
Wood, cambium, bast 


Cam, or eccentric 


9 o 
$ 


LJ 
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*QUIZ' CARD 3 Answers to ‘Quiz’ 3 
|. What name is given to the place where a T 
collection of dried plants is kept? Herbarium* ^ 
2. How many petals has a (named local) 
flower? > IN. Nass 
eo 
3. Is saliva acid or alkaline? Alkaline 
4. What name is given to the instrument that 
measures the speed of the wind? Anemometer 
5. Are bats blind? No , 
6. What kind of naturally occurrings water is le 
likely to be the purest? Rain water 
7. Which two colours make (a) purple? Red and blue € 


(b) peacock? 
8. What are the limits of human audibility? 
9. What instrument is used to measure the 
inside or outside diameters of tubes? 


10. Name the long-handled sharp knife used in 
making dissections. 


Green and blue 


20 to 20,000 vibrations per 
second approximately 


Callipers 
6 


Scalpel 


*QUIZ' CARD 4 


|. What instrument measures the radius of 
curvature of a spherical object? SEA 
| 


| 
| 


2. Who first worked dut calculations about | 
levers? 

| 

3. What single word describes a common 

property of cotton, rubber, sulphur, | & 

wood and silk ? 


L] 
4. What are the three main constituents of 


food ?, proteins 
5. Into what class do biologists put dormice, | | " 
rats, mice, squirrels? | Rodents 5 
h P " 
6. How many seed leaves has r&aize? One 
7. is the chemical formula for sodium 
What is th | NIHCO, 


bicarbonate? 
8. From what is bleaching powder made? 
; | 
9. Which are the highest cloud formations? 


10. How are watts, amperes and volts con- 


nected? 


Answers to ‘Quiz’ 4 


Spherometer 


Archimedes 


Insulator a 


Carbohydrates, fats, 


Slaked lime and chlorine 


Cirrus 


W=CV e 


———— 74 — 


3 Yr 
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» ‘QUIZ’ CARD 5 


To what numerical values do the arrows point on 
the following scales? , MEDIA 


Bone 2 3 4 


E eden 


I 


Answers to ‘Quiz’ 5 


15-2 


93 


2-65 
3:28 
2375 


5.52 
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LJ 

Materials for the Teaching of General Science 
LJ © e s 

The following fist has been divided into two parts: $* 

Part I—items of apparatus 

Part H—chemicals, including stains, reagents, etc. 

In compiling the list the following assumptions have been made: 
(a) that there will be two parallel classes each taking a four-year 
course in General Science; P : 
(5) that the time which may elapse between ordering and receiving 
apparatus and chemicals may amount to six months or even more; 
(c) that each class will contain from 24 to 30 pupils; 

(d) that pupils will usually work in pairs; 
(e) that all the pairs in each class will not necessarily be doing the 
same experiment at the same time. 

Where the above assumptions do not apply, the necessary adjust- 
ments in the quantities suggested must be made.^ 


Note—When ordering apparatus which is to be connected to the 
local electric mains, it is necessary to state the characteristics of the 
supply: these are (i) the voltage; (ii) whether A.C. (alternatitig 
current) or D.C. (direct current); (iii}—if A.C.—the number of 
cycles. This information is usually stamped upon the front, of the 
electric meter, which is near the mains switch contrelling the supply. 

(Every science master should know the position of this mains 
switch so that the supply can be turned, 6ff at once in case of fire 
or other emergency.) > 

LJ 


PART I—LIST OF APPARATUS 
Apparatus is expensive to þuy, especially from overseas sourcés. In 
order to draw attention to economies and the value of home-made 


articles, many items have been marked as follows:— 


e* 


© 
o 


» 
* —Useful out not essential 
JG—Obtainable as junk from garages“ 
JE—Obtainable as junk from an electricity supply station 
ə  L—Protably obtainable locally 
» ML—Can be made locally o 


m 
1 


* Electrical aerator, if mains electricity is available; the voltage, etc., must then 


he stated. 


; D 
2 
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Aerator for aquarium ! 
All test instrument: with bobbins and shunts to cover — 
range from 0-150 amps. to 30 amps., 
and from 0-150 volts to 30 volts i 
Ammeters, bench type, 0-2 amps., moving coil (for D.C.), 
gentre zero 
% » » 9 »0-Samps., moving coil (for D. cy 
centre zero 
» >» » 9 > 0-2 amps., moving iron (for A.C.) 
21805: 85:90550-10amps,, - 5, » (» EB 
» >» »  » 5 500-0-500 milliamps., moving coil 
_ (for D.C.) | 


Armatures 
Asbestos-cement squares, 6" x 6" 
” js V v. 195.55 12" 

Aspirators, 10-litre 

Atomic models, set 

Balances, Beranger, 2 Kg. 

» » Chemical, analytical, 100 g., with rider and. 
weights s 

». > » » ordinary, 200 g., with rider, weights, 
and fractional weights | 

» » om» „ordinary, 250 g. with riders and 
weights (no fractions) 

»  » Compression type, dial scale, 5 Kg. 

»  , Spring, 100 g. ) 

” 3^: 295 TN. 1 Kg. . 

EI > » , 41b. x 15 Ib. 

5» 5 » > 2 Ib. x To lb. 

Ball bearings, steel, of each size: 1^, 4”, 1" diam. 

Ball and ring (expansion apparatus) 


G G 
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6 Balloons, toy ace 
* 1 Bar and gauge (expansion apparatus) e 
* 1 Bar breaker (expansion apparatus) el " 
] Barometer, aneroid o 
ls. ee , Fortin, standard mercury Ae 
Barometer tubes—see *Tubes' 
L 6 Bars, soft iron, 8" 
3 Basins, evaporating, glass, 200 ml. 
24 E » 5 porcelain, 50 ml. 
24 UE N ; 57295:100:mi. i 
6 MT 5 , 8 veo mls n 
L 12 Baths, sand x 
"IEG » » Water, copper, with rings, 18 cm. « 
"ial » » 5» 5 constant level 
* 31 «bm E Selectric: ig 
* 6 Beakers, aluminium, 400 ml. 
24 »  » glass, 100 ml., squat, with spout 
24 DEDI Mes 250 mL ap T > 


" s O ee 
12 PEE m S 600m; 9787 SL; 
12 » QNEM [O00 mI UU Dre 
24 5 ESOS 250 ml., tall (no spout) 
24 "egre 500 ml3 5, 039 o» 4 
6 E 9S UU E u 50005 
6 es ; 10001255 bess etsy 


ML 12 Beehive shelves earthenware, 10cm. , 
2 » > glass, 10 cm. ees 
2 Bell-jars, ground glass stopper, 15 cm. 3 
2 5255 » 22 cm. 
3.2 plass knob. üoetopper; 22 cm. 
2 Bells, electric, small 
1 Bi-metallic strip " 
* ] Binoculars, prismatic ^ : 


e 
[] 


Blackboard accessories : 
2 Blackboard Compasses 


e 3 A ^ 
1 The voltage must be stated. 2 Easily made from tins. e 


2 


N SH — NP = 
> 


24 


712 


36 


36 


24 
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Blackboard Protractors 


Rulers 
Set-squares (45°) 
” ” (30°, 60°)» 


' T-squares? 


Blowpipe—see *Gas burners? 
Blowpipes, mouth 


Boats, 


porcelain, 7-5 cm. x 1 cm. 


Bosses—see * Stands, iron, retort’ 
Bottles, Canada balsam or ether 


” 


» 


, dropping 
, gas washing 
, iron, for expansion experiments 
, reagent, ground-in stopper, narrow 
neck for liquids 
» » + ground-in stopper, narrow 
neck for liquids 
, ground-in stopper, narrow 
neck for liquids 
» » , ground-in stopper, narrow 
neck for liquids 
, ground-in stopper, wide neck 
for solids 
» » , ground-in stopper, wide neck 
for solids 
» 5 ground-in stopper, wide neck 
o for solids 
» ^» , ground-in stopper, wide neck 
for solids 
» » Ordinary narrow neck for 
liquids, unstoppered 
>  ». s» ordinary narrow neck for 
liquids, unstoppered 
> » » Ordinary narrow neck for 
liquids, unstoppered 
> » > Ordinary wide neck for solids, 
unstoppered, 


= 
E 


100 ml. 
250 ml. 
500 ml. 
1000 ml. 
100 ml. 
250 ml. 
500 ml. 
1000 ml. 
100 ii 
250 ml. 
500 ml. 


100 ml. 


————— E 


6 


WO 


24 
3 
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Bottles, reagent, ordinary HE neck for solids,‘ 


” 


unstoppered * 

>» 5 Ordinary wide neck for solids, 
E unstoppered 

» 5 ordinary wide neck for solids, 
unstoppered 


. Specific gravity 
> » » 
, Specimen, extra wide mouth, ground- 
in stoppers 
; "m , extra wide mouth, ground- 
in stoppers ; 
»  ,extra wide mouth, ground- 
in stoppers 
: » Wide mouth, plastic screw- 
tops 
, Wide mouth, plastic screw- 
tops 
, weighing, 7-5 cm. x 2:5 cm. 


> » 


250 ml. 


500 ml.! 


og 
1000 ml.? 


1 


25 ml. 
50 ml. 


250 ml. ° 


500 ml. 
4 
000 ml. 
250 ml. 


500 ml. 


, Winchester quart ? (or other large bottles) 


, Woulfe, 2-necked, 600 ml. 


Brushes, burette 


3 


” 


, camel hair, quill handle, small 
, test-tube 


Bulbs, electyic, carbon filament 


» 


EI 


, 


, 


, 


i. neon 
, ordinary torch type, 1 2 volts 

a , 2'5 volts 
5. 5 3:5 volts 


3 
^ , » ^ 


» , ^» » 


» ” 3 » »5 


Bunsen EES ‘Gas burners’ 


Burettes, with clip and glass jet, 50 m 


” 


, tap, 50 ml. 


1 Or empty 1-lb. jam-jars (= 450 ml.). 
pty Jam; 


2 Or empty 2-Ib. jam-jars (= 900 ml.). 
3 These accumulate aşathe large, 


emptied. 


, two-coatact, car type, 6 v., 30 w. 
12 v., 30 w. 


6 
[.] 


non-returnable bottles of acid, etc., are ) 


€ 
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Burners—see Gas burners 
12 Callipers, inside and outside combined, 4” 


2, ^",  ,vernier gauge, steel 
2 ^ 3 » , wood and brass 
na ly? Calorimete¥s, copper, thin, 4” x 3” 
12 Ds eS ay sx Ww 
1 5 ,aluminium, thick, 4" x 2" (with 2-holed 
cork) 
l 5 , copper, thick, 4" x 2” (with 2-holed cork) 
1 » , iron, thick, 4” x 2" (with 2-holed cork) 
2 1b. Candles ^ 


ML* | Capillarity apparatus 
—*, 1 Cells, electric, Bunsen, primary 
12 , , , ,Leclanché, primary, 1000 ml. 
12 , , » ,lead accumulator, secondary, 20 amp-hrs. 


orn) 12: S e EE Nine, » — ,20 amp-hrs. 
Spares for cells: 
3 Porous pots (spare, for Leclanché cells) 
GueZincerods Go Gea: A id 


* 1 Chain, land measuring 66 ft. 
1 Chamois leather 
1 Charger,’ electric, for accumulators, output up to 12 volts, 
5 amps. 
2 Chatterton compound, sticks 
Clamps—see ‘Stands, retort’ 
2 Clamps, G-type, 6 
12 Clips, Mohr spring 


6  , ,screw ) 
* 36  ,, , spring, for plane mirrors 1 
* 1 Clock, stop 
L 12 Cloths, polishing 
12 Cobalt:glass, pieces z 
ML 12 Collecting boxes glass-topped 
2 » » (vasculum) 


1 Coloured gelatine transparencies, set of 7 (see page 93) 
1 If A.C. mains supply is available. The voltage must be stated. 
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L 2 Commutators (electrical reversing switches)  “ 
1 Compasses, magnetic, large, 3” » 
12 5 »  » 5 Small (for plotting) ^"  . 
xen »  , mariners 
1 LEES nee (catd only) M 
e » 0» prismatic 
| Condensers, coiled glass tube 
4 4 , Liebig, 10” 
kee ». , optical 
1 Conductivity can, with metal bars (for comparative’ 
conductivity) e a 
ML 12 Cones, flame protectors : 
LI 
Corks (stoppers), to fit apparatus listed 
| Rubber 
Cork 
lid 
(cold) | Solid | 1-hole | 2-hole 
Bottles, reagent, narrow | 100 ml. 36 1220 18112 
neck, unstoppered | 250 ml. 36 12 12 
500 ml. 12 61 6 
a 
___ | a ER Dl llc —— 
Bottles, reagent, wide 100 ml. 24 | 
neck, unstoppered . 250 ml. 36 
500 ml. 24 z 
1000 ml. 6 » 
Flasks, conical 250 ml. 24, 12 » 12 
500 ml. „12 6 6 
— - | ————9- — = ^m Fe ye 
Flasks, flat-bottomed 150 ml. 24 6 6 
| 250 ml. Zr wo 12 12 
| 500 ml. Cp hts 12 12 
| 1000 ml. eileen 3 
» E L Bs ums 1 BS. =. E 
im. į | 
Flasks, graduated 100 ml. 12 
250 ml. 12 
500 ml. $ | 
000 ml | 
ee” G 
. 
[3 
a LI 
o ^ * 


kd o A D] 
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o b] TETTES . 
ge : 
Rubb 
E " Cork Xo 
soli 
+ Se soba |. ole. | Zi 
s ee 
Flasks, round-bottomed | oom ' 24 | 6 6 
500 ml. 12 6 Gt 6 
1000 ml. 4 4 4 
Flasks, squat, wide neck 150 ml. 4 
Ll Y = | A le 
Flasks, thermos l 6 2 2 
Test-tubes, ignition ee Y 36 12 36 
=) 6" x } 36 12 12 12 
Test-tubes, soda glass sxy 12 12 12 
6” x }” 12 12 
6 x1" 36 12 12 
Tubes, combustion 5 2 cm. diam. 24 24 
Tubes, U-, plain 15 mm. diam, 24 
Tubes, U-, with side 
» tubes 15 mm. diam. 24 


Also, 24 corks of each of small sizes not named above 
24 shives (cork) of each of large sizes not named above. 


E] 
o 


o 
"2 Cork borers, full sets 
2 » s $ doi. sets. 
1 Cork borer sharpener 1 
y Cork presser 
ete Cork sheets, compressed, 18" square 
24 &ruciBles, porcelain, with lids, 25 mm. diam. 
24 DN E rs 20 Ims s 
1 =: , nickel, with lid, 35 mm. diam. 
Bs o1 Cryophorus (or Hygrometer, Daniell) 
A Cube, Leslie’s—see ‘Leslie’s tube” 
? 5 


ML 


ML 


L 
L 


NNNNANN KENNY 


N 
YVNNNA = 


N 


24 
24 
12 
12 


9 
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e a 
Cubes, sets of six different metals, 1 cnf. 


ba 9.39. "39 Miss EE] 


Cylinder and bucket? 


[3 


^» , 2 cm. 


Cylinders, glass, graduated, 10 ml. e 


2” 55:931 05 ^» 


” pags Ee 2] » 


” > 5st uy ^» 


” atl Se) ” 


” 39:530 7$ ” 


» 055» (for Nessler's reaction) 


Davy lamp ¢ 


55.25 ml: 
, 100 ml. 
, 250 ml. 
, 500 ml. 
, 1000 ml. 


Deflagrating spoons, with jar covers 


Desiccators, ordinary, 


10" 


5 , ground-in stop-cock, 6" 
Diffusion apparatus (pot, cork, tube), for hydrogen 


» » Css s oor ), for carbon 


Dip circle 


dioxide 


Disc, Crova's,? cardboard 


Dishes, crystallizing 
Dishes, Petri 


Dissecting apparatus: 
Dishes, enamel, 8" 
s BRE 12 
Forceps, blunte 
» » pointed 


Microscopes, students’, dissecting 


, Newton’s—see ‘Newton’s disc’ 


Needles, wooden handle, bent S 
du AR. » Straigltt 
s^ Lancet 

Scalpels 


1 To demonstratesArchimedes' principle. 
8 princip 


? This can be sul 


stituted for Newton's disc on a whirling stand. e 


) 
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Scissors, pointed, 4” 
Section lifters 
Seekers (probes), blunt 


> 


Diver, Cartesian 
Drying paper—see ‘Paper’ 
Drying towers 
Dusters, for glass—see ‘Cloths, polishing’ 
Dusters, string (swabs) 
Dynamo, or motos, 6-volt model 
Ebonite, panels, f” 
;» rod 
Egg-timer—see ‘Sand-glass’ 
Elder pith, bundle 
Electrodes, carbon rods, with brass terminals 
3 , carbon plates, 2" x 4”, with brass 


terminals 
e , copper plates, 2" x 3”, with soldered 
wire 
5 Zinc plates, 2" x 3", with soldered 
wire 


Electrolysis of water apparatus, Hoffman's, with 
1 pair platinum and 1 pair carbon electrodes 
Eudiometer tube, with platinum electrodes 


o Eureka’ cans (overflow jars) 


Felt covers for calorimeters 
Files, round 
» , triangular, 4” 
Filter flasks, 250 ml. 
» » » 500 ml. 
Filter papers, ordinary, 9 cm. 


ye aie aha ose, I1. cm. 
235 Say ^g ” 5 15 cm. 
» » 5 » , 32 cm. 


» » Special known ash, 11 cm. 
Filter pumps, glass 
» » ,10netal 


JE 


N — t 
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Filter, Wratten, colour, set Nos. 29, 46, 58 


Flasks, bolt head, round bottom, with 5-holed 


Flaske fiter bee ‘Filter flasks’ 


5 


rubber cork, 2000 ml. 
ə conical, 250 ml. 


” 


; 500 ml. 


o 


€ 


3 M with side tube, 250 ml. 


> 


, 


2 


” 


LE 


” 


, 500 ml. 


; Kjeldahl, long neck, 250 ml. 


Flasks, flat bottom, 
” 5 » 


” 


” 


, graduated, 


> 


> 


5 


, 


» 5 


» » 


^" 


” 


» 


round bottom, hard glass, 250 ml. 
250 ml. 
500 ml. 

, 1000 ml. 


” 


” 


” 


, squat, wide neck, 150 inl. 


, thermos 


” 


, > 


, 


150 ml. 
250 ml. 
500 ml. 


, 250 ml. 
, 500 ml. 
, 1000 ml. 


» 


” 


, refill 


, 1000 ml. 
100 ml. 


, ordinary, 


5 


^» 


^» 


Flex,,twin, electric—see ‘Wire’ 
Forceps—see ‘Dissection apparatus’, 
Funnel, hot-water jacket 
Funnels, filter, glass, 7:5 em. 
» ,l0cm. 


” 


LE) 


5 


sg» 


Yee tive 


, open, cylindrical, with taps, 100 ml. 


»oc 9» ; 15cm. 


» ,20cm. 


> 


, separating, stoppered, 100 ml. 
, 250 ml. 


» Li 


» 


5 thistle, plain, 12" 
, 2 bulbs 

Fuse, „porcelain, 5 amps., 500 volts 
Fusewire—see ‘Wire’ 


, » 


ec 


2 2 d 
3 
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2 2 ? 
19, * Galvanometer, 1-0-1 milliamps, bench type, 
2 25 ohms. 
hU e UG 5 , mirror type, with lamp ' and scale 
Galvanometers—see *All test instrument" 
* 1 Gas burette, with levelling tube, in stand 
295 Gas pipettes, absorption 
Gas burners (if laboratory has gas installation) 
1 Blowpipe ? (for foot-operated bellows) 
112,36 Bunsen burners ? 
6 Fishtail burners * 
2 Meker burners ? °? 
2  ' Ring burners ? 
ENE SUGA, Gas lead-in porcelain tube, with holed cover for 
crucible 
24 Gas jars? 6” to 74” 
12 59 so Orton 2” 
2 wre. Pale 
36 "Gas jar covers, glass, ground one side to fit above 
1 Gauge, micrometer screw, graduated in inches 
pi Pes a fe ji ,mm. 
ML 1 2:05 TAID: 


Gauge, wire—see ‘Wire’ 
I sq. ft. Gauze, copper wire, 30 mesh to 1 in. 
QA UR » iron wire, asbestos centre, 4" sq. 
PLENIER A eee T» 4 6” sq. 
24 ARRAY » » s 55» plain, 6” sq. 
Geissler tubes,‘ set of 5 
250 g. Glass beads (or small glass balls) 
4 Glass blocks; cubes, 40 mm. 


12 5 » ,Tectangular, 10 x 4-5 x 2 cm. 
4 2 » , semicircular, 6 cm. diam. 
2 Glass, ground, plate, 15 cm. square 
homi ,Glass:prism, triangular, optically worked, 60°, 60°, 
60°, 25 mm. 


1 Lamp specification, according to voltage, must be stated. 

* The type of plant and/or gas used, coal-gas, petrol-gas, etc., must be stated. 
* Jam-jars can be used as substitutes. < 

* An induction coil is needed to demonstrate Geisslér tubes. 


E 
See eh 


N 


. "s 
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Glass prism, triangular, ordinary, hollow, 60°, 60°, 


” 99. 2 ^» , 
t 
1 
^» 379 » , 
” » 5 ” ’ 
3 HF I » > 


Glass rod, 4 mm. 
9) 9 OM. 
i, spt pou 


” 

4 
” 
” 


” 


66° 

, solid, 60°, 60°, 
60°, 50 mm. 

, solid, 90°, 60°, 
30°, 50 mm. 

FeSOLIGS: © 755,755; 
30°, 50 mm. 

, solid, 90°, 45°, 
45°, 50 mm. * 


4 « 


Glass tubing, capillary bore, 1 mm. to 2 mm. 


s EE] 


» ^ > 9 »5 


Glass wool 
Glasses, clock, 10 cm. diam 


» 


Grease, tube of, for rubber 


» ,» thick, hard, 44 


” 


, soda glass, outside diam. 5 mm. to 


8 mm. 
» 10mm. to 

20 mm. 
» 40mm. 


" long x 24” diam. 


, watch, up to 6:5 cm. diam. e 


Harg's apparatus, 3-limbed tubes 
Holders, electric, small b.c.,! batten (car lamp size) 


© 
Hope’s apparatus | j 
Hydrometers, 04800-1-000 
, 1:000-1-200 
, 1:200-1-400 
, 0:700-1-000 | 
e , 1:000-2-000 


syringe 


» 


, Nicholson's, brass 
1 Fitting for ‘bayonet cap’ type of lamp. 
E yy! p 


, pendant (car lamp 
size)  ' 


, for lead accumulator acid, with 
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Hygrometer, Daniell’s 
45 , Regnault’s 
3 , wet and dry bulb 
Hypsometer, glass E 
Inclined plane, with brass roller 
Induction coil, 6-volt 
Ink, Indian, black, bottles 
Iron bottles—see ‘Bottles’ 
Key, plug type 
» , tapping 
Kipp's apparatus ,, 
Klinostat + 
Labels, herbarium, not gummed 
» , microscope slide, not gummed 
» » plain, 2" x 4”, not gummed 
» » » 523 X, not gummed 
Lamps, electric—see *Bulbs' 
Lenses, double convex, 25 mm. diam., 
x 5 cm. focal length 


Uus » ,25mm. diam., 
10 cm. focal length 

Cees Wen » » 25mm. diam., 
15 cm. focal length 

CEN ee) » -> 50 mm. diam., 
20 cm. focal length 

52853 E » » 50 mm. diam., 
30 cm. focal length 

» d$ 5 » 50mm. diam., 
j 50 cm. focal length 

» 5» 99 a» > 50 mm. diam., 


100 cm. focal length 
» » double concave, 25 mm. diam., 
5 cm. focal length 


e hein » 5,25 mm. diam., 
10 cm. focal length 
modes »  ,25 mm. diam., 


15 cm. focal length 


» „+ Electrical klinostat if mains supply available: the Voltage must be stated. 


WNr rR NN 


© 
e € 
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Lenses, double concave, 50 ends diam.,' 
20 cm. focal length 


” 
Lenses 


eh 209550imm. ‘diarh., 


30 cm. focal length 


Aisi » »50 thm. diam., 


50 em. focal length 


ES »  » 50 mm. diam., 


100 cm. focal length 
, cylindrical, concave, 50 mm. x 50 mm. 


, 5 


, plano-convex, 50 mm. diam. 
, plano-concave, 50 mm. diam. 


, hand magnifying é 


, watchmakers’, 4” focal length 
, half—see ‘Ray apparatus’ 


Leslie’s cube 
Liquid level apparatus 
Litmus papers (books), blue 


» 


( » ) red 


Lycopodium powder 
Magdeburg hemispheres, pair 
Magnets, cylindrical, 50 x 10 cm. 


” 


” 


^» 


, electro-, horse-shoe model 
X Uc nm efficient type 
, horse-shoe, parallel limbs 
,rectangular, 50 x 10 x 10 mm. x 
; “3 , 100 x 10 x 10mm. . 
, rectangular, in box with keepers 
, Robinson balf-ended 


e 


Magnetometeredefiecting 


Measure, enamel, gra 


litres 
Measuring tape, steel, 66 feet 
Mercury tray, wooden, 2f x 18” 
Metal sheet, aluminium, ds" thick 


» 


» ,brass, d" thick 


Model, anatomical, eye 


» 


, ear 


, » 


to e 


,convex, 50 mm. x 50 mm. 


€ 


duated in fluid ounces and 


© 
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322 is 
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a 3 
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Model, anatomical, larynx 
Microscopes, students’ 


z , 3-nose-piece, Abbé condenser, iris; _ 
fine focusing; one oil-immersion 
ii objective 
Microscope slides 


» » With cavity 
Microscope slide cover slips 
Mirrors, concave, 25 mm., diam., Scm. focal length ; 
nuu 2 mna 5,5 10cm.” ,, m. 
ipe semDm. 1, ,15cm. ,, » 
S08 dut SO mnt EN 20cm. 5 ^. 
ue s0mm 4, ,30Cm. .,, Pi 
Oom ss; , 15cm, -,, »: 008 
i on stand 
» „Convex, 25mm. ,, , Scm. focal length 
mao 25mm 7, ,10cm.. ,, M 
nM s0mm.-, 15cm. s 35 
Bom um50mm.  ,,.320cm.. ss is 
SET aE OID. |; waocm. , Rs 
22x w0cm 3 ,15CM. ,; » oa 
on stand 
M cylindrical, concave, metal 
» Hj , convex, 5 
» ; plane, 7-5 cm. x 2c cm. 


254 Monochord=sand see under ‘Wire’ 


Mortars, with pestles, 10 cm. 
dD s» » ,l3em. 
Motor, electric— see ‘Dynamo’ 
Mu metal rod T1 
Needles, knitting, steel d 
Newton’s disc, on whirling stand, 20 cm. diam. 
Oil stone, fine 
Opisometers 
Optical apparatus—see Ray apparatus’ 
Organ pipe, open, wood, with loose-fitting end 
stop 
» LE] Ed 33. Ss metal, Teed 


v 


e 
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Electric still if mains supply available: the 
? Can be made from lids of tins. 
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€ E € 
Oven, air 6 
" 
» , steam, constant level, combined with still + 
Pans, balance ? ee 


Paper, drying,? for botanical specimens, sheets 
» ,emery, sheets T 
, sand, assorted grades, sheets 
» » squared, 27 x 21 cm., ruled cm., sheets 
Paste, herbarium 
Pencils, grease, assorted colours a 
Pendulum bob, lead, with screw eye, 3" diam. 


^ 99@> 2595 5$ » 55 » 


@ 0 


» 


e y 
» Seneca e BET » 
» »»5»» » 
14” 
» 33:55 939529: 00991995 O » 


^ 391737 99. 493 LE 


Pins, blanket 
brass, plated, 2" 
, , entomological, assorted boxes 
Pipettes, 10 ml. s 
20 ml. or 25 ml. 
ESE Enk 
, 100 ml. 
, curved, for use with barometer tubes c 
, graduated, ] ml. 


” 5 


» , » , 5 ml. i 
” , ” , 10 ml. © 
Plum bob, brass e 


Poles—see ‘Electrodes’ e S 


Porcelain plates (tiles), White, 4" square 
„e ( 5 ), black and white, 4” square 
s » spotting, with 6 cavities each 
Porous pots for diffusion and osmosis experi- 

ments i 
Potentiometer, single wire, 1 metre 
Potometer, Farmer’s 
Press, hydraulic, model 


voltage must be stated. 
3 Newspaper can be used. e 


© 


^» 


© 


© 
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Paps Pulleys, aluminium, mounted on clamp for bench 
9 end 
y 2 2 BE $5 , mounted on rod for retort 
» stand » 
j 12 rane 5 ; ordinary, single 
d quicum ETC 
6 eee 20v, triple 
*- n] 5 ; Weston differential, 5 cwt. 
a 1 Pump, Guericke, with plate 
a 1 » bicycle 
s 3 Ray boxes, with 12-volt lamps 
1 » Ray demonstration apparatus, with plane and 
- 05 cylindrical mirrors, semi-circular trough, half 
lenses, etc. 
2 Razors, hollow ground, with strop 
2 Resistances, electric, fixed, 1:0 ohm 
2 a Ium ss 50ohms 
» 2 js Peers diss) 10:0 ohms 
2 B Bessa) 30s). 5) 20:0 ohms 
2 jl lin bo) ss.» 1000 0hms » 
2 55 » » Variable (rheostats), 
0-10 ohms 
1 E » ^» Variable (rheostats), 
f 0-100 ohms 
JE , Variable, assorted 
12 _Retorts, glass, 500 ml. 
SERI ` Revolution counter 
T2 Ring, soft iron, 2” diam. 
36 Wn ordinary, 12" (30 cm.) 
12 » half-metre,scales 
24 57^, metre Scales $ : 
2 » » »  » ;rfeading both ways 
: . 36 Saddles, brass, assorted 
1 Sand glass, 5 minutes . 
lyd. Sausage skin paper 
Scales—see ‘Balances’ 
Scalpels—see ‘Dissection apparatus’ 
2 2 Scissors, ordinary, 6" 
» 2 2 
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Sextant, model e 
Sieve, 10 mesh ' $ 
»» 20 » P 
” #30 ” 
H Sy 40 ” i 
Siren, perforated disc ! 
Skeletons ? 
36 Slides, lantern, cover glasses 
l 
l 
l 


Slide rule, 10" 
Ib. Solder, soft 
Soldering iron; 


Sonometer—see *Monochord' : 
24 Spatulas, bone, 10 cm. 
2 » nickel 
12 Spheres, rustless steel, à" 
2 Spherometers 
6 Spirit lamps, brass 
Spirit level, ordinary E 
l s bsp scireularzibadiam- ee 
Spoons—see ‘Deflagrating spoons” 
12 Springs, extension, 6" x 1" 
6 PEN 5 eC i 
l Staining trough, for 20 slides 
24 Stands, retort, rustless, 18" 
6 "xu rm ,24" 3 
6 no 5) {Sc On é 
€ 
Retort stand accessories , 
18 Clamps, ordinary ' 
18 « » > large ‘ 
24 Double bosses 
6 Rings, 2" F 
6 3 c f 
6 "m 
2 as On 


1 This can be substituted for Newton's disc on a whirling stand. 
? These should be obtained and set up locally. 


» 3 


ML 


D 


* pr p p 


m 
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1 gross 
1 » 

3 doz. 
6 gross 
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Stands, wooden, burette, single 
, filter, 2-ring 


» 5» » » pipette (to take all pipettes) 
» » »  » test-tube (12 holes) 
Stedm cans 


Steam engine, model 
Steelyard, ordinary 
» Danish 
Stereoscope, with suitable pictures for viewing 
Stencils, interlocking, 1” 
» » Uno’ type UC 2, with pen 
fi A OER, eit LO Os Se 
MTM TUCA ,. , 
Still—see ‘Oven, steam" 
Stone, carborundum, oval section, fine 
Stone, oil—see ‘Oil stone’ 
Stools, balance 
Stopcocks, glass, 2 mm. bore 
Switches, electric, 2-way, 12-volt 
Syringe, glass, 50 ml. 
Syringe, hypodermic 
T-pieces, glass (size of bore as required) 
SMS DIAS (5:75 3 2) 
Tap (faucet, bent-down nozzle), for demonstration 


Tape, insulating, rolls å 


, Telephone receiver and mouthpiece 


Telescope, astronomical 

Terminals, electric, brass, 4BA nuts and washers 
aly f. » > » » fitted wood screws 
» » » à Spade, black 


» , » > ” , red < 
»  » » Crocodile pattern, large 
»  ,small 


» , ” , ” 
Test-tubes, ignition, 3'«x 4” 
» » 5 » s SS yo 
” 55 ” , 6" X ie 
»  » » ordinary soda, or resistance, glass, 
5x4 ; 


APPENDIX E i : 


© ^ 6 


j gross Test-tubes, ordinary soda, or resistance! glass, 


6 xà 3 
36 »  » Ordinary soda, or resistance, glass, 
i OAE 
24 « Test-tube holders 2 ad 
ET-:] Thermopile 
1 Thermometers, alcohol, wall, C and F scales 
= » , bimetallic 
l » , clinical ^ 
l 5 , maximum and minimum (Six's) 
18 y y mercury, — 10° to + 110°C. 
2 » 5 smear aO AN e220 E; 
6 » s C. 9 — 10° to + 210° Ce * 
2 + A » »— 10° to + 310°C. 
12 1 » o» not graduated 
* l Thermoscope, differential 
12 Tongs, crucible, brass 
18 Triangles, pipeclay over wire 
30 Tripods, triangular, iron (size according to type of 
heating device used) 
6 „ , round, iron (size according to type of 
heating device used) 
3 Troughs, glass, circular, 25 cm. diam. e 
2 » 05,» ,rectangular, 20 x 16 x 16 cm. 
mU 12 »  » stoneware,? circular, 25 cm. diam. 
2 Tubes, barometer, siphon ş 
3 35209 M , straight, 36” Noon 
12 » calcium chloride, plain, straight, one bulb 
12 , , combustion, hard glass, 25 cm. x 2 em. 
Ro 5.5 »9., »  s»9850cm. X 2 cm. 
Tubes, glass, ordinary—see ‘Glass tubing’ 
3 Tubes, J-type, Boyle’s law 
yore » graduated, glass, with tap, 50cm. — 
$ gross  ,,,spetimen, flat-bottomed, With corks, 2” 
i LU , ” > ” ” > ” » > 9: 
i » ” > ” > Ll ” > ” ” , 4" 
3 doz. Nos usto A 


1 Not wanted if the laboratory benches are provided with sinks. 


e 


z 
z 


e 
P: 


= N e e e eee 
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Tubes, U-type, plain, 15 mm. diam. 

` , with side tubes, 15 mm. diam. 

, 60 cm. limbs (for balancing liquid 
columns), 

Tubing, rubber, black, 4" 

NL» s » 5 » os T 

» „Ted, à" (for gas burners, if used) 

, pressure, narrow bore, $” 


39119 » 


, 
» , » 
, 


» > , » » 9 tr’ 
Tuning forks, c Q56) i 
” » 9 d ^" 
” » » e 
» vl» f 
» » 5 E 
LU ?» 9 a 
39 ” , b' 
» ,c (512) 
Vernier model, large demonstration, 2 m. long 
(by tenths) 
» » 1 ft. long, inches and cm. 
(by tenths) 


Voltameter, for electrolysis of water—see 'Electro- 
lysis apparatus’ 
Voltmeters, bench type; moving coil, 0-3 volts 
» AL a NE » » 0-20 volts 
» am a » » Moving iron, 0-10 volts 
» . ,0-250 volts A.C.! 
Wall Chart, human physiology, set 


Watch, stop 
Max blick... 

»5 sealing 5 x 
Weight thermometers 


Weights, fractional, 10 mg. 
LR TIR MS ” , 20 mg. 
» , » > 50 mg. > 
» > » , 100 mg. ? 
» > ^» , 200 mo 
*If mains supply of electricity is available. 
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© 
3 Weights, fractional, 500. m. t 
1 set » _, iron, hexagonal, with ring, 100g. to 10 Kg. 
La » > » » Slotted, with carrier, 500 g. to 5 Kg. 
20 » « , brass, slotted, 5g. G 
20 Prem crs, Wha. 2 . 
40 P $3555 yy , 20 g. 
20 m CU E TSOA 
10 Weight-hanging carriers for above, 50 g. 
| set Weights, brass, 4 oz. to 2 lb. o 
l Wheatstone bridge, 1 metre io 
] Wheel and axle 
6 Wheels, contrate assorted (e.g. extra to No. 6, or 
higher, ‘Meccano’ set) e*t 
6 » gear, assorted (e.g. extra to No. 6, or 
higher, *Meccano' set) ns 
6 » 5 pinion, assorted (e.g. extra to No. 6, or 
higher, ‘Meccano’ set) 
2 oz Wire, brass, bare, S.W.G.1 18 2 
2 oz. 2o xa a 
2 oz. »o 3 2b E 20 
1 +» > 9» 5 Spiral (to demonstrate wave motion) 
4 Ib. » » copper, bare, S. W.G. 16 
4 Ib. EM Su cus us o 
1 Ib. 5; 0D GS SNL GS 
| Ib. Mee a oe 
1 Ib. » 5 or NBI E26 5 
4 Ib. = 54 32 
| Ib. 3 E. or ‘contra’, D.S.C., 3 S. W:G. 29 
$ Ib. s TD USE T1 oe$32 
1 ME fuse, 5 apparel 
l a » a s ZiampPaTeEl 
2 » » iron, reels E 
1 Ib. » » nickel-chrome, S. W. G. 24 7 
1 lb. m 1005321309 
3 Ib. D» steel, bare? S.W.G. 22 
2 oz. s» o» » » for monochord 
1 Standard Wire Gayge. 2 Double Cotton Covered. 
* Double Silk Covered. . 
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50 yds. Wire, twin flex, bell 


50 yds. » , twin flex,! red and black, to take 3 amps., 
BW 220 volts 
1 Wire gauge, S.W.G. 1-40 
TOOLS 


A Science teacher needs some tools. If the school has a handwork 
class which includes carpentry in its activities, he will be wise to per- 
suade the handwork teacher to arrange for the carpentry jobs to be 
"done. If this is possible, the provision of the usual woodworking tools 
need not concern him. But for the ether various tasks that may fall 
to his lot the foilowing, not included in the LIST OF APPARATUS above, 
are likely to be needed by a progressive teacher. 


1 Chisel, cold, 8” 

1 Drill, hand 

1 Drill countersink bit 
1 set Drills, twist, 4” to 1" 
I "File; flat; 12" 

1 » , half-round, 8" 

1 » » round (rat-tail), 1" diam. 
1 SHINE € 5. ), tg diam. 
1 Glass cutter (steel wheels) 
1 Hack saw 

2 » ^» blades 
1 Hammer, claw, large 
1°? 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


- 


s»  »CrOSs pein, 1 Ib. 
Oil can, 
Pliers, S pnt wire cutting, flat nose 
» >  » ',long, round nose 
Screw driver, large 
» ats medium 
» » » small 
» 45, Watchmaker’s 
Snips, tinman’s, 8” 
Spanner, adjustable, 6” 
Vice, 3”, for attaching to bench with clamp 


1 If mains supply of electricity available. 
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PART II—LIST OF CHEMICALS € 


Note — Attention is drawn to the comments on particular chemicals 
given in Chapter XI, pages 262-5. T s 
Attention is also drawn to the symbols X, P, D, A, against various * 

items in the following list: vo 
X—Dangerous chemicals — Substances marked ‘X’ are subject to 
special conditions and rates when transported by sea or rail, owing, 
to their dangerous nature. Care should be taken to anticipate the 
number and quantity of such chemicals likely to be required. Mosj- 
of them can then be ordered at the same time, thus reducing the 
number of separate consignmelits, with a corresponding decrease in 
transport charges. ; 
P— Poisons — Substances marked ‘P’ are poisonous and mfíst be 
kept under lock and key. The science teacher is directly responsible « 
for their security and safe use. (The three common acids, hydro- 
chloric, nitric and sulphuric, are exceptions in that, being in frequent 
use, they need not be locked up. But the teacher must still ensure, 
that they are never misused.) 9 
D—Hygroscopic and deliquescent substances — Chemicals marked 
*D' rapidly deteriorate, especially in the tropics, when exposed to 
air, owing to absorption of water. They should be ordered in small 
_ containers, to be opened only one at a time as required. It is advis- 
able to put a small quantity into a separate labelled bottle and to 
re-seal the original container immediately. (Such substances will 
usually keep indefinitely provided that the original container remains 
unopened.) | 
A—Purest quality — Substances marked ‘A should be ordered ‘in the 
quality recommended by the manufacturers for analytical work, so 
that they may be used for this purpose when required. tate 
WQ-— Winchester quart — Many firms supply chemical liquids in 
this unit. It is an old measure, approximately equal to 5 pints or 
24 litres. e 
X 500g. Acetone ə 7 $ 
500g. Acid, acetic, glacial 
250 g. „ , boric, powder 
D 500 g. » , carbolic (phenol) 
250 g. » ^, Citric e 


o 


L2 


X &WQ 
X 3WQ 


X 500g. > 

X 8WQ 

X 2WQ 
X 250 g. 
250 g. 
250 g. 

1 Kg. 
100 g. 
100 g. 
250 g. 
100 g. 
100 g. 

X 4WQ 


250 g. 


3 
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Acid, hydrochloric, pure 
» » nitric, pure 
» » Oleic, technical 
ea oxalic 
» » palmitic, technical 
Acid, picric—see ‘Fixatives’ 
Acid, pyrogallic (pyrogallol) 
3, , stearic, technical 
» » Sulphuric, pure 
» » tartaric 
» » uric 
Alcohol, ethyl, pela 
» 5 » (methylated spirit) 
» » » (rectified spirit) 
Alcohol, methyl (wood naphtha) 
Alum, chrome 
Jur» Tertic 
» » potassium 
luminium, metal, foil 
me. 8 ” 9 powder 
» > a sheet, 24-gauge 
» A Wi 
Aluminium oxide 
Ammonia solution (ammonium hydroxide) S.G.: 
0:910 


, Ammonium bicarbonate 
S carbonate 
»^. chloride, commercial 
” » > pure 
» molybdate 
» sodium phosphate (microcoamic salt) 


» sulphate, pure 

», thiocyanate 
Amyl acetate E 
Aniline 


» hydrochloride solution 


. Anthracite 


Antimony, metal, powder 


P 100 g. 

P 50g. 

P 250 g. 

100 g. 

100 g` 

38s 

100 g. 

250 g. 

P D A 500 g. 
P A 500 g. 

P D A.250 g. 
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Antimony potassium tartrate (tartar emetic) 
» sulphide, red 


Arsenic trioxide 
Asbestos lump 


» paper 

»,  Platinized, 5% 
» tape 

» wool 


Barium chloride 


» hydroxide 


» nitrate; 
» peroxide 
Benzene 


Bile salts (or local ox gall-bladder) 


Bleaching powder—see au hypochlorite” 


Borax 


Cadmium chloride 
Calcium, metal, turnings 


Calcium carbide 
By 
” » 


» 


r4 


5 ” 


» nitrate, 


(marble chips) 
, pure 


, hydrated, pure 


hydrated, pure 


» Oxide, pure 


^» » 


^ 5 


Camphor, block, 
Canada balsam, 


” 33 


lots 


, pure 


sulphide (luminous) 


synthetic ? 
solid 


, in Xylol 


Carbon, blocks—see ‘Charcoal’ 
Carbon (graphite), lumps 


carbonate (chalk soil sample) 


a 


phosphate, ‘CaHPO,, pure 
sulphate (plaster of Paris) 


E 


La 


chloride, commercial, dry granulated 


hypochlorite (bleaching powder) 


e 


(quicklime), commercial, in 500 g 


© 


kd 


250 g. 
500 g, 
X» 1 Kg. 
500 g. 

; 100 g. 
100 g. 
100 g. 
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Carbon (graphite), powder 
3s (lamp black) 
Carbon disulphide 
» tetrachloride 
Carborundum paste, coarse 
i » ine 
Casein 
Chalk—see ‘Calcium carbonate" 
Chalk, French 
Charcoal, animal y 
2:35 blocks, 9:31" 
» pure (activated) 
ás , wood ! 
Chatterton compound 
China clay—see ‘Kaolin’ 
Chloroform 
Chlorophyll 
Chromium, metal 
Chrome alum—see ‘Alum’ 


. Coal, bituminous 


—see also ‘Anthracite’, *Lignite^ 
Cobalt, metal, lumps 
Cobalt chloride 
Copper, metal, filings * 
TO ENT foil *i 
» > » ,turnings 
Copper carbonate 
» oxide (cupric), black, pure 
n » ,(Cuprous) 
» sulphate, ‘pure 
Cotton wool 
Cresol 
Dead black 
Dextrin, technical 
Dextrose—see ‘Glucose’ 
Diastase 
Dutch metal, sheets 


* To be obtained locally. 


X 1WQ 
X WO 
X 100 g. 


255-20 
25 g. 


50 ml. 
50 ml. 
P X 50 ml. 


25 g. 
2 WQ 


25 g. 
100 g. 
250 g. 

1 Kg. 

1 WQ 

1 Kg. 
100 g. 


500 g. 


1 Kg. 


25 g. 
100 g. 
25 g. 
25 g. 
25 ml. 
250 ml. 


100 g. 


© © 6 $ y 
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Ether, S.G.: 0-720 piss 
» » petroleum, B.P.: 40°-60°C. * 
Ethyl acetate ESL 
Ethyl«alcohol—see ‘Alcohol’ je 


* 


Fellis Bovini extract 
Filler (for graduation marks on glass) 


Fixatives: ` 

Bouin's fluid e 
Chromic acid 

Picric acid  « . 


Fluorescin (uranin) p o 
Formaldehyde (formalin) 40% 
French chalk—see ‘Chalk? 
Fructose (laevulose) 
Gelatin, sheet or powder 
Glass wool i 
Glucose (grape sugar, dextrose)“ 
Glycerin (glycerol), pure, S.G.: 1-260 
Glycerin jelly (glycerin and gelatin) 
Gold size 
Graduation filler—see ‘Filler’ e 
Graphite see ‘Carbon’ 
Gum arabic 

, Shellac (French polish can be used) 
Hydrogen peroxide, 10-volume "er 

. 

Indicators: k z ‘ 
Bromophenol blue 
Litmus 
Methyl orange i 
Phenolphthalein s e 
Phenol red 
‘Universal’ indicator 
—see also ‘Litmus papers’ (Part A) 


Iodine, resublimed e 


D 
? a 9 
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D » 
25g.  Iodoform $ 
1 Kg. Iron, metal, filings, fine 
100g?  ,, ,» ,powder, reduced 
o 50 g. 3» 42025532284 wire (reels) i 
, Iron (ferric) ammonium sulphate—see ‘Alum, - 
cs ferric’ 1 


500g. Iron (ferrous) ammonium sulphate 
D 250 g. » (ferric) chloride, pure 
D 250 g. » (ferrous) chloride 
(m 250 g. » Oxide, brown 
F 250 g. »  » , Magnetic, lumps 
250. p a ss » ,red 
e  » 100g. » (ferric) phosphate 
100 g. » ( » )sulphate 
i 500 g. » (ferrous) sulphate 
2 Kg. ,, sulphide, plates 


100g. Kaolin 
> 1 WQ Kerosene 1 
100g. Lactose 
Lamp black—see ‘Carbon’ 


1 Kg. Lead, metal, foil 
1K. 5, , . Shot, large 
» ERE T ONIS" sis, sHlall 
250 g. » > » » Wire, S. W3G. 11 
PAS500g. Lead acetate e 
» carbonate, precipitated | 
a 500 g. » nitrate, pure 
500 g. » OXide, litharge 
^500 g. numos red 
500 g. »  » (peroxide), brown 
2 Kg. Lignite—see also ‘Coal’ R 
50 gr. Lithium chloride 
Litmus—see ‘Indicators’ 
100 g. Magnesium, metal, powder | 
100 g. 3 » » ribbon, (rolls) 
25 8 ^» AK DIES wire 


* Usually obtainable locally. The quantity to be stocked will depend upon the | 
^ number and the extent of its uses in the laboratory. 
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500g. | Magnesium carbonate, light é 
D 100 g. 5 chloride, pure e 
250 g. 2j nitrate du 
250 g. $, oxide, heavy fo 
1 Kg., 3. sulphate, pure * rae : 
| Kg. Manganese dioxide, pure, powdered 
Marble—see *Calcium carbonate* 
P 2Kg. Mercury, metal 
P 100g. Mercury (mercuric) chloride (corrosive sublimate) 
P 100 g. b (mercurous) chloride (calomel) f 
P 250 g. m (merguric) oxide n 
P 100 g. » (mercurous) oxide . 
P- 50/8 » (mercuric) sulphate e 5$ 
P255 » (mercuric) sulphide (vermilion) 
Microcosmic salt—see ‘Ammonium sodium phos- “ 
phate’ 


100 ml. Millon's reagent 
X 250 ml. Naphtha, mineral 
Naphtha, wood—see ‘Alcohol, ‘methyl’ 
2Kg. Naphthalene, flakes 


1 Kg. y , marbles 
25g. | Naphthol, alpha- 

Nessler's reagent + G 
100g. Nickel, fetal, foil 


250g. — Nickel sulphate 
Nitre—see Potassium nitrate _ , 


Oils: R 1 
25g. Cedarwood 
100g. Clove 6 


4 WQ Linseed, boiled 


1 Kg. Oxygen mixture " 
25g.  Pancreas,dried 
1 WQ Paraffin, medicinal 
3 Kg. Paraffin wax, M.P.: 122°=125" E; 
3 Kg. è „ , M.P.: 135°-140° F. 
1 To be made up as required. ` s 


kas - 
? 


? APPENDIX E 
3 bj 
Peat 
Pepsin 
Permutit 
Petroleum ether—see ‘Ether’ 
Pher?ol—see ‘Acid, carbolic' 
Phenolphthalein—see ‘Indicators’ 
Phosphorus, red 

5 , yellow, sticks 
Plaster of Paris—see ‘Calcium sulphate’ 
Potassium, metal (in naphtha, mineral) 
Potassium bicarbonate, pure 
» bisulphate 
Es bromide 
” carbonate, dry 
3 chlorate 
» chloride 
As chromate 
» cyanide, commercial 
» dichromate, pure 
s ferricyanide 
» ferrocyanide 
> hydroxide, pellets 


EE) » " sticks 
^ iodide L1 
» nitrate (nitre) 


5 permanganate 

» phosphate, dihydrogen 

» » Stearate, green (soft Soap) 

» sulphate, pure 

»  thiocyayate 
Pyrogallol—see ‘Acid, pyrogallic" 3 
Rennin (rennett) 
Resin (rosin) 
Rochelle salt—see ‘Sodium potassium tartrate’ 
Rock salt—see ‘Sodium chloride’ 
Sal ammoniac—see ‘Ammonium chloride’ 
Saltpetre—see ‘Potassium nitrate’ 
Saponin s 
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Shellac—see ‘Gym’ 
500g. Silica gel, coarse 
100g. Silicon 


100g. Silver nitrate 
500 g. ə Soap, Castile 
» » common 1 


Soap, soft—see ‘Potassium stearate’ 


D 500 g. Soda lime, granular, medium 
Soda, washing—see ‘Sodium carbonate! * 


100g. Sodium, metal (in naphtha, mineral) 
250g. Sodium acetate 
2 Kg. » bicarbonate 
100 g. »  bisulphate 
250 g. »  bisulphite 


Sodium borate—see ‘Borax’ 


D 100g. Sodium bromide 


go QUU" 


> 


1 Kg. . carbonate, anhydrous 
3 Kg. T „ — crystalline : 
3 Kg. chloride, pure 
l Kg. e ss» (rock salt) 
250 g. » citrate 
1 Kg. hydroxide, flakes 
KE m » 0. pellets E 
1 Kg. , S ENS 
500 ml. PT hypochlorite, solution ^ 
500 g. » . nitrate, pure ; 
250 g. „ phosphate, dihydrogen . 
250 0: RE » > disodium i 
250 g. » NE^ trisodium 
250 g. », potassium tartrate (Rochelle salt) 
500 g. „ silicate (waterglass) 
500 g. „ sulphate, anhydrous 
2 Kg. x » crystalline » 
I Kg. ,  Sulphite, anhydrous * 
1 Kg. thiosulphate 


100 ml. Soldering fluid (1 tin) 


e 
1 As obtainable locally. 
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Stains: : 

Aniline sulphate 

Carmine 

Eosin yellow 
Haetnatoxylin, Delafield’s 
Leishmann’s 

Light green 

Methylene blue 

Safranin 

Sudan III 


Starch, potato 
>» Wheat 
Steel filings 
Strontium chloride 
Sugar, cane, ordinary ! (sucrose) 
Sugar, fruit—see ‘Fructose’ 
Sugar, grape—see ‘Glucose’ 
Sagar, milk—see ‘Lactose’ 
Sulphur, flowers 
» rhombic 
32225 TOLL 
Test papers—see ‘Litmus papers’ (Part A) 
Thymol 
Tin, metal, granulated 
Tin (stannous) chloride 
Toluene 
Turpentine 
Urea, teclinical 
Urethane h 
Vaseline (petroleum jelly) 
Xylene, pure 
Zinc, metal, foil 
o» » > , granulated, commercial 
Zinc carbonate d 
» Chloride, sticks 
» Oxide 
» sulphate, pure 


1 Usually obtainable locally. 
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Books for the General Science Library 


There are hundreds of books on every aspect of science, and thé tacher 
has to make his own appropriate selection. The following list is intended 
as a guide to the choice of books suitable for a course in General Science. 


(F)—published in France (French language) A 
(G)—published in Great Britain Sa 
(U)—published in the United States of America 
1. HISTORICAL? “ . 

The ‘Living Names’ Series (certain volumes). Oxford University Press (G), 
ANTHONY. Science and its Background. Macmillan (G) 
BUTTERWORTH. Origins of Modern Science. Bell (G) ‘ c 
CALDER. Profile of Science. Allen & Unwin (G) 
CROWTHER. Famous American Men of Science. Norton (U) 
DE KRUIF. Men against Death. Harcourt, Brace (U) 
DEVAUX. Histoire de l'électricité. Presses Universitaires de France (F) 
FARRINGDON. Greek Science. Penguin (G) & 
HARVEY-GIBSON. Two Thousand Years of Science. Macmillan (G) 
HOLMYARD. Makers of Chemistry. Oxford University Press (G) 
HUTIN. L'alchimie. Presses Universitaires de France (F) 
LENARD. Great Men of Science. Macmillan (U) nm 
LIBBY. An Introduction to the History of Science. Houghton-Mifflin (LI). 
MACPHERSON. Makers of Asggnomy. Oxford University Press (G) 
‘moore. A History of Chemistry. McGraw-Hill (U) ; 
SCHONLAND. Flight of Thunderbolts. Oxford University Press (G) , 
SHIPPEU. The Great Heritage. Viking (U) a e 
SINGER. The Story of Living Things. Harper ir y 
SINGER. A Short ER. of Scene to the Nineteenth Century. Oxford 

University Press (G) M s 
Various authors. The History of Science. Cohen & West (G) 


^ 2. PUPILS’ TEXT-BOOKS and ‘READERS’ * 


Basic Science Education Series. Row, Peterson (U) 
Encyclopédie par l'image (Série). Hachette (FE), e 
La joie de connaître (Série). Bourrelier (F) s 


* Biographies of individual scientists have been omitted, but ure yall 
and a few of them should be included in a school science library. tial for 

* A few very elementary books are included because they are Sede 
pupils who have not stifdied any Science prior to Lead oe e F 
school. 


» 
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New Playbowks of Science Series. Oxford University Press (G) 
Oxford Visua Series. Oxford University Press (G) 
Science on the. March Series. Longmans (G) 

" The Wonderworld of Science Series. Scribners (U) 

» Understanding our World Series. Winston (U) * 


ALEXANDER & STREET. Metals in the Service of Man. Penguin (G) 
ANDRADE & HUXLEY. Simple Science. Blackwell (G) 

ANDRADE & HUXLEY. More Simple Science. Blackwell (G) 

BALLAM & HERBERT. The Story of a Thread of Cotton. Penguin (G) 
BARNARD & EDWARDS. Basic Science. Macmillan (U) 

7 “BAXTER. Scientists against Time. Little, Brown (U) j 
BEAUCHAMP & others. Everyday Problems in Science. Scott-Foresman (U) —.— 
‘BENEDICT. Electronics för Young Peoplé. McGraw-Hill (U) t 
BIBBY. Active Human Biology. Heinemann (G) 

BIBBY«Simple Experiments in Biology. Heinemann (G) 
BOULENGER. Wonders of Sea Life. Penguin (G) 
~ BRANDWEIN & others. Science for Better Living. Harcourt, Brace (U) 
BURNETT & others. New World of Science. Silver Burdett (U) 
BURNS. First Steps in Astronomy. Ginn (U) 
CALDWELL & CURTIS. Everyday Science. Ginn (U) 
CARROLL. Interpreting Science. Winston (U) 
CARSON. The Sea around Us. Staples (U) 
CODISLE. Modern Wonderbook of Trains and Railways. Winston (U) p 
DANIEL. General Science for Tropical Schools (5 volumes and teacher's | 
handbook). Oxford University Press (G) j 
DANIEL. Health Science and Physiology for Tropical Schools. Oxford - 
^ University Press (G) : 
DE KRUIF. The Microbe Hunters. Pocket Boots (U) 
EBY. The Physical Sciences. Ginn (U) 
FABRE. Social Life in the Insect World. Duckworth (G) 
FABRE. Wonders of Instinct. Duckworth (G) 
FREEMAN, Invitation to Experiment. Dutton (U) 
GLASSTONE. Chemistry in Daily Life. Methuen (G) Y 
p & Guyer. Sciences appliquées et Travaux Pratiques. Colin — 
HARGREAVES, The Size of the Universe. Penguin (G) f ‘ 
HARTRIDGE. Colours and How We See Them. Bell (G) 
» HAWLEY. Seeing the Invisible. Knoff (U) 
HEYS, Chemistry Experiments at Home for Boys and Girls. Harrap (G) : 
HOLMES & GIBBS. Æ Modern Biology (Tropical edition). Cambridge Uni- — 
versity Press (G) ‘ 
HUNTER & WHITMAN. Doorways to Science. American Book Co. (U) 
KELLOGG. The Soils that Support Us. Macmillan (U) 
KIMBLE. The Weather. Penguin (G) B 
» LADYMAN. About a Motor Car. Penguin (G) 
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LAZERGES. Sciences d'observation. Colin (F) 
LEWELLEN. You and Atomic Energy. Children's Press (U) — | y 
MAETERLINCK. The Life of the Ant. Cassell (G) a 
MAETERLINCK. The Life of the Bee. Allen & Unwin (G) L « 
MAETERLINCK. The Life of the White Ant. Allen & Unwin (G) us 
MANN & PIRIE. The Science of Seeing. Penguin (GY 
mayo. The Story of Living Things. Waverley Book Co. (G) 
OBOURN & others. Science in Everyday Life. Van Nostrand (U) 
oBnÉ. Sciences naturelles. Hachette (F) 
ORIEUX. Sciences d'observation. Hachette (F) 
PENDRAY. Men, Mirrors and Stars. Harper (U) 
POTTER. Young People's Book of Atomic Energy. McBride (U) 
ROWLAND. Living Things for Lively Youngsters. Cassell (G) ^ 
RYDER. Mother Earth. Hutchinson (G) z : 
SCHNEIDER. Everyday Machines and How They Work. McGraw-Hill (U) e 
SHERWOOD TAYLOR. Man’s Conquest of Nature. Elek (G) e £ 
SILVERMAN. Magic in the Bottle. Macmillan (U) 
SKILLING & RICHARDSON. Astronomy for Beginners. McGraw-Hill (U) 
sMaRT. Astronomy. Oxford University Press (G) 
sMITH. Beyond the Microscope. Penguin (G) 
smitH. Gas Turbines and Jet Propulsion for Aircraft. Aircraft Books (U) js 
smitH & others. Science for Modern Living. Lippincott (U) 
SMITH & VANCE. Science for Everyday Use. Lippincott (U) 
srACK. Careers in Safety. Funk & Wagnalls (U) 
STARR. First Book of Meteorology. Harrap (G) 
TOURAINE. Eléments de Sciences Physiques et Naturelles. Istra (F) 
Various authors. Boys’ Book of Science and Invention. Evans Bros. (G) 
Various authors. Internal OFinventi Engines, Odhams (G) 


oe 


e € 
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Various authors. Miracles of Invention and Discovery. Odhams (G) 

VEALE & ‘WREN’. How "Planes Fly. Penguin (G) 

WALKER. Human Physfology. Penguin (G) r 

WALKER. The Physiology of Sex. Penguin (G) 1 

WHITEHOUSE & PRITGHARD. General Science (3 volumes). Oxford Uhiver- 
sity Press (G) ae 

WIGGLEsworTH. Insect Physiology. Methuen (G) 

wiLsON. They Live in the Sea. Collins (G) 

Wion. Trees and Test-tubes: the Story of Rubber. Holt (U) 

woop & CARPENTER. Our Environment: How We Use and Control It. 
Allyn & Bacon (U) 

yates. A Boy and a Battery. Harper (U) « k 

LJ 


^ 3. PRACTICAL ! 
BASSETT-LOWKE & MANN. Marvellous Models. Pengui 


n (G) 


1 The text-books and some of the ‘readers’ listed under heading 2 contain 
details of courses of, or suggestions for, experimental work. ? 


> 
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BEAUCHAMP ,& others. 4 Study Book—for Everyday Problems in Science, 
Scott-Foresman (U) 

BLACKWOOD. £xperiences in Science. Harcourt, Brace (U) 

CARROLL: Workbook—for Understanding Our World. Winston (U) 


, GOHM & PATTERSON. Electric Models from Odds and Ends. Penguin (G) 


D 


KALMUS. Simple Experiments with Insects. Heinemann (G) 

LYNDE. Science Experiences with Home Equipment. International Textbook 
(U) 

MEISTER & others. Workbook—for The Wonderworld of Science. Scribners 
(U) 

MORGAN. Simple Chemical Experiments. Appleton-Century (U) 


“THORPE. The Faraday Books of Practical Science. Oxford University Press 


(G) t 
4." TEACHING METHOD, etc. 

BLOUGH & BLACKWOOD, Teaching Elementary Science, Office of Education, 
Washington (U) 

BLOUGH & BLACKWOOD. Science Teaching in Rural and Small Town Schools, 
Office of Education, Washington (U) 

CHILDS. Physical Constants. Methuen (G) 

CONANT. Science and Common Sense. Harvard University Press (U) 

CONANT. On Understanding Science. Yale University Press (U) 

DEWEY. How We Think. Heath (U) 

DOWNING. An Introduction to the Teaching of Science. University of 
Chicago Press (U) 

EDEN. Elements of Tropical Soil Science. Macmillan (G) 

FOWLES. Lecture Experiments in Chemistry. Blakiston (U) 

HEISS & others. Modern Science Teaching. Macmillan (U) 

HOFF. Secondary School Science Teaching. Etakiston (U) 

HUMBY & JAMES. Science and Education. Cambridge University Press (G) 

HUNTER. Science Teaching at Junior and Senior, High School Levels. 
American Book Co. (U) 

KLICKSTEIN, Sourcebook in Chemistry. McGraw-Hill (U) 

MAGIE. Demonstration Expgriments in Physics. McGraw-Hill (U) 

MAGIE. Sourcebook in Physic’. McGraw-Hill (U) 
National Society for the Study of Education. A Program for Teaching . 
Science. University of Chicago Pfess (U) , 
National Society for the Study of Education. Science Education in American 

Schools. University of Chicago Press (U) 
NOKES. Science in Education. Macdonald (G) 
NORTON. Star Atlas. Gall & Inglis (G) 
NUNN. Handbook for Science Teachers. Murray (G) 
POWERS & LAYTON. Teaching Science. McGraw-Hill (U) 
PRESTON. The High School Science Teacher and His Work. McGraw-Hill (U) 
Progressive Education Association. Science in General Education. 
Appleton-Century (U) 


D 
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RITCHIE. Scientific Method. Harcourt, Brace (U) : 

Science Masters’ Association & L.&.A.M. The Teaching of Science in 
Secondary Schools. Murray (G) a 

SHELTON. Theory and Practice of General Science. Murby (G)  * 

twiss. Principles of Science Teaching. Macmillan (U) 

UVAROV. A Dictionary of Science. Penguin (G) — ' 

Various authors. A Dictionary of Biology. Penguin (G) 

Various authors. The Teaching of General Science.! Murray (G) 

Various authors. Whitaker’s Almanack. Whitaker (G) 

WESTAWAY. Science Teaching. Blackie (G) 

ziM. Science for Children and Teachers. Association for Childhood 
Education (U) ET 


ee 


5. LABORATORIES and APPARATUS? 


ANSLEY. Introduction to Laboratory Technique. Macmillan (G) è @ 

BARKER & CHAPMAN. Workshop Practice for the School and Laboratory. 
Sidgwick & Jackson (G) A 

DUCKWORTH & HARRIES. The Laboratory Workshop. Bell (G) 

E. H. Sheldon Co., Muskugan, Michigan. Catalog. (U) 

MILLER & BLADES. Methods and Materials for Teaching Biological Sciences. 
McGraw-Hill (U) 

MONOHAN. Laboratory Layouts for the High SchoolaSciences. Office of 
Education, Washington (U) : 

NoKES. Modern Glass Working. Heinemann (G) 

RICHARDSON & CAHOON. Methods and Materials for Teaching General and 
Physical Science. McGraw-Hill (U) 

Science Masters’ Association. The Science Masters’ Book (2 volumes jn 
each of the Series I, IL, 21D. Murray (G) 

STEPHENSON. Suggestions for Science Teachers in Devastated Countries. 
U.N.E.S.C.O. 

SUTCLIFFE. School Laboratory Management. Murray (G) 

SUTTON, Demonstration Experiments in Physics. McGraw-Hill (U) . 

Various authors. Z/fventories of Apparatus qud Materials for Teaching 
Science. Volume I. U.N.E.S.C.O. : E 

Various authors. Safeguards in the Laboratory. Murray (G) 

Vagious authors. The Constructioft of Laboratory Apparatus for Schools. 
Portfólios I and II. U.N.E.S.C.O. 

William Welch Co., Chicago, Illinois. Catalog. (U) 

woopRING & others. Enriched Teaching of Science in the High School.* 
Bureau of Publications, Columbia Univéisity (U), $ 

6 


1 Includes detailed suggestions for syllabuses. ; 

2 Details of laboratory organization and technique are also to be found in 
several of the books listed under heading 4. 

3 Mainly bibliographical (all aspects of science). A 
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^ 6. PERIODICALS 
Discovery (G), Science Education (U) 
» Meccano: Magazine (G) Science et Vie (F) 
. Model Engineering (G) Science Review—Penguin! (G) 
New Biology—Penguin?* (G) The American Biology Teacher (U) 
i Popular Science Monthly (U) The Journal of Chemical Education (U) 
Revue Scientifique (F) The School Science Review (G) 


School Science and Mathematics (U) The Science Teacher (U) 


Note ,— Science teachers should always be on the alert for the publication 
f suitable books in the pupils’ mother tongue, and of reference books 
particularly appropriate to their own region. The latter category is growing 
rapidly with increase ef scientific knowledge, as shown by such titles as 
Indian Hill Birds (Salim Ali, Oxford University Press, India), West African 
Botany, (Irvine, Oxford University Press), Some Wild Flowers of Kenya 
(Jex-Blake, Longmans). 


>S — 


1 Published occasionally. 
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The Prevention of Fire 


However skilful a teacher may be, neglect of any possible" precau- 
tion is a sign of ignorance. Fire-extinguishers should be tested 
regularly; tins of sand should not be too heavy for pupils to lift; 
the laboratory should have two exits; periodical fire-drill is desir- 
able—all these should be kept in mind. The teacher must give fre 
quent emphasis to correct laboratory procedure: such as the following; 


(1) Benches should be kept clear of unnecessary material, par- 
ticularly of an inflammable nature. e 9° 


(2) Experiments involving a source of heat should never be left 
« 


G 


unattended. 

(3) Hot, burning or reactive substances should never be put in a 
sink or a waste-box. (Receptacles for waste are best made of 
tins, preferably painted, those for paper being distinct from 
those for other substances.) jr 

(4) Mains services must be turned off when use of the laboratory 
is finished for the day. 

(5) Apparatus must always be held firmly in the proper way. (For 
example, a flask standing on a wire gauze on a tripod must be 
supported by a clam attached to a retort stand.) 

(6) Special care must be taken with explosive or inflammable sub- 
stances. Moreover, the arrangements should be such as tó reduce 
danger to a minimum in case of spilling or breakage. 

(7) Inflammable liquids should be heated: only in round-bottomed 
flasks. A water- or sand-bath should always be used instéad of a 

. naked flame, and the progess is most safely carried out in a 
fumescupboard with the window shut. 

(8) Very hot material may be placed on an asbestos pad but never 
directly on the bench top. F A 

(9) Waste liquids must be disposed of with care: Even when cool 
they must be thoroughly washed away. 

(10) Waste sodium, potassium, phosphorus, magnesium, lighted 


matches, etc., must be rendered harmless before being thrown 


away. e 
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(11) Round flasks should never be left where they may act as lenses 
to conceatrate the sun's rays. 


' N.B. Thé teacher should be the last to leave the laboratory. He is 
' well advised to adopt the rule of scouting'and ‘take .a last look 
rounc’. «Methods of dealing with fires are discussed’in Chapter XI, 
page 277.) 
A list, similar to the above, may be compiled as rules for pupils’ 
obseryance, and be posted on the laboratory notice board. 
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The First-Aid Kit 
The following items are recommended as the contents of a laboratory 
first-aid cupboard. If the cupboard is kept locked, the key should 
be secured to it (by adhesive tape or some other method) so that it 
cannot be mislaid. p 
Regular inspection of the cupboard is necessary to ensure thorough. 
cleanliness and replenishment and good condition of the contents. To 
facilitate checking it is advisable to have a lit of contents on the" 
inside of the cupboard door. Labels on bottles should give not only, 
the name of the substance but, where necessary, the purpose, the 
dose, the strength of solution, etc. (see Chapter XI, page 278). 
Bandages; various sizes. (Best kept in an air-tight jar.) 
Brush, camel-hair, small. 
Cotton wool, absorbent; a roll. (Best kept in an air-tight jar.) 
Dressings, sterilized. (Must be kept in an air-tight‘ar.) 
Dropper—pipette for eye drops. 
Eyebath. 
Forceps—tweezers, pair of. 
Gauze, medicated; a roll or several pieces. (Best kept in an air-tight 
jar.) £ 
Lint, surgical; a roll. (Best kept in an air-tight jar.) 
Plaster, adhesive; roli 3" or 1" wide or both. (Best kept in an air-tight 
jar.) 1 
pos variou£ sizes, 1 dozen. (Best kept on cloth sméared with 
Vaseline or engine-oil, in an air-tight jar.) z 
Scissors, sharp-pointed, pair of.» 
Wash-bottie of distilled water. 
Jelly (or cream)—for burns—as purchased or obtained from doctor 
or dispenser. 


Sal yolatile—bottle as, purchased. T v 2 
Bottles, 4 oz. wide-mouth, of solids: 
Mustard. Salt, common. Sodium bicarbonate. 
Bottles, 4 oz. narrow,mouth, of liquids: 
Castor oil. Glycerine. Milk of magnesia. 2s 
AA 
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Bottles, 4 og. narrow-mouth, of solutions: . 
Boric acid, 1%. (1 g. of acid dissolved in 100 ml. of distilled 
water.) h 
Todine—tincture of. (2:5 g. of potassium iodide dissolved in a 
little distilled water; 2-5 g. of iodine dissolved in the solution, 

” Which is then made up to 100 ml. with ethyl alcohol.) ; 
Silver nitrate, dilute. (An approximately deci-normal solution 
consists of 1-7 g. of the nitrate in 100 ml. of distilled water.) 
Sodium bicarbonate, 1%. (1 g. solid in 100 ml. of distilled water, ) 
Bottles, 16 oz. narrow-mouth, of solutions: 
Acetic acid, 1%. (5 ml. of glacial acetic acid in 500 ml. of 

. distilled water.) 1 

^e — Sodium bicarbonate, saturated. (Distilled water standing over 
slight excess of solid in the bottle.) 


` The above list is sufficient for a General Science laboratory. 4 


few additional items may be required in the case of a laboratory used. 
for more advanced chemistry. 1 
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X j P 
Physical Data a 
e 
€ 
* “I. DENSITIES, . 
, : T 
(1) Densities of some common substances 
(a) Elements (b) Miscellaneous solids 
Grams per c.c. | Grams per c.o * 
Aluminum ^. . . 2:5 | TU Bis ROMA 85 
Carbon (diamond) 3:5 | Cork. 0) ss) v2 0:22-0:26 - 
Copper 2 Gs 8:9 | Hbonite2 n ET k8 » 
Gold. | OSes 19:3 | Glass, crown . .| 2:4-2:6 
Iron 2 OMNES 78 rd sing anb eta yie o 29-45 € 
Lead XJ SEI 11-4 Granite c 6x9 poe eH 2:5-3:0 
Magnesium . . .| 1-7 | Ice: viue eb =i ae 0:917 
Manganese , . . T4 Iron igast vus url. 74-71 
Mercury .». .. 13-6 | Marble. 4’. s 2:5-2:8 e 
Platinum CE 21:5 | Naphthalene œ 1:15 
Silver cur 10:5 |Paraffin wax. . . 0:89-0:93 
Sulphur =... . 1:9 Sand re oso AN Cours 2:63 
Tin STU ifs Wood, cedar. . 0:5-0-6 
Zincses Mur 71 | 5, , Mahogany . 0:6-0:8 
1 A i A ie A 
(c) Liquids (d) Gases [] 
nu PEE UE e — i 
| Grams per litre 
© Grams per c.c. at 0° €. and 
* 760-mm. 
pe OS el o SENSE She ee IKZ. UE 
Benzene . . . . 0:87 Ait fem .|. 1-993 
Brine Gatime RENI 1:20 Carbon dioxide . «| 1:96 
Rther oes Ab [Ur Tim Carbon monoxide . 1:25 
Ethflalcohd . . . 0:80 Chlorine’). 5. 3214 
Glycerine. . . . 1:26 Heltum Mes 0:179 
Kerosene Uk Mes =| 0:80 Hydrogen . | 0:0899 
Methylated spirit. . | 0:83 Hydrogen sulphide . 3 1:53 
Oil! castor Ns 0:97 Nitrogen. . e. 1:251* 
oy iüscedp s D NÉ 0-94 Oxygen . . : 1:429 
seg 0v M ICE ce 0-92 Sulphur dioxide . iod 2:93 
asia teed Mee AS 0:92 
Turpentine . . . 0:87 
Water Po: 0. sc 18. 51:00 
x derart. a” oes i. Puno ff has CPE, 
€ 
o eu 


2 > ) 


o 
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» (2) The density of water at various temperatures 


> a = 


Temperature ° C. Grams per c.c. 
» > - 
Ns m H8 0:999 
4 EET 0o 1:000 ? 
"e LIA A tan za 0-999 
30 C OE Wee cs 0:996 
DLL ge ese 0-988 
109, "X teu t 0:958 
? 
9 dw 
(3) Densities of various aqueous solutions 
a ) a 
. (0° C. to 25° C. approx.) 
P 3 
Goncenitation Hydrochloric Nitric Sulphuric 
: acid acid acid 
3 á ^ 
IN 1:017 1:033 1:03 
2N 1:035 1:07 1:06 
» 5N 1:085 1:16 1-16 
10N 5 116 1:305 1-29 
Ammonium Sodium Sodium 
hydroxide hydroxide carbonate 
ə 1N 0:992 1:043 1:052 
2N 0:985 1-088 1-103 
5N 0:964 122 
10N 0:932 1:43 
? ONE, A 
Sodium Barium Ammonium 
chloride chloride — |" chloride 
IN 1042 ° | 123 1:015 
2N 1:086 3 1:03 b 
9 Copper Silver Lead 
e sulphate nitrate acetate 
—— e » P. ee N 
IN 1:04 1152.0) 1:295 
2N 1318 


See also ‘Notes on laboratory solutions Bench ‘reagents’, page 266. 


pa 
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(4) Pressure of saturated watervapour at different temperatures 
— of mercury) A 


XX © 
AS 6 7 8 9 


bal ea: Xm 7-378 P 
0 46| 49| 53 | S7. 96H | 65| 70) 75] S09 86 
10 92 | 98 | 10:5 | 112 | 120 | 128 | 136 | 145 | 155 | 1655 
20 | 175 | 186 | 19:8 | 21:0 | 223 | 23-7 | 251 | 267 | 28:3 | 29:9 
30 | 31:7 | 336 | 355 | 376 | 39:8 | 420 | 444 | 469 | 495 52:3 


| o | 20) 4 19-358 x 10 | 12 14 | 16 * 18 


€ 


40 | 551 | 61-3 | 681 | 754 | 83:5 | 923 | 102 | 112 | 123 | 135 : 
60 | 149 | 163 | 179 | 195 9 214 | 233 | @54 | 277 | 301 | 32% 
80 | 355 | 384 | 416 | 450 | 487| 525 567 | «611 | 657| 707 

100 | 760 | 815 | 875 | 938 | 1004, 1075 | | 1149 | 1227 1310 Bpa 


(e. g- ‘the vapour pressure of water at 24° c. is 23 mm. = mercury, and the | 
vapour pressure of water at 54° C. is 112 mm. of mercury.) e 


(5) Boiling point of water at different pressures 


Pressure | Boing point | Pressure Boiling point 
(mm. of mercury) Ce) | (mm. of mercury) (Ce 
ix o DF ese SSI | i pee 
780 100-7 | 720 98:5 
710 100-4 | 710 98-1 
760 | 100:0 ll 700 977 
750 99:6 ! 690 973 
740 993 | 680 969 < 
730 | 8-9 || 670 96:5 
é See also table (14), page 360. : 


II. HYGROMETRY 


(6) Weight of water (in grams) in 1 cubic metre of saturated 
air at 760 mms. préssure 


6 | d 
EEA | | | 
EL | 0 | 1 2 Cae 3) 4/14) T Lora] H6 TuS | 9 
SSS SS zu rene NUM 
0 48| 52| 55| 59| | 63, 68| 72| 78| 8%| 87 
10 9.3| 9-9 5106 | 11:3 | 120 | 127 | 12:5 14:3 | 15-2 | 1611 
20 17: r 18:1 E 2 | 20-4 | 21:5 | 22-8 | 24-1 | 25:5 | 26:9 | 284 
30 30:0 | 31-7 | 334 | 35:3 | 24 -2 | 39-2 | 41:3 | 43-5 | 458 | 483 
eg. 1 cubic metre of aig puerum with water vapour at 760 mm. pressure and 
[t C. contains 14:3 g. of water. eis 
€ 
o eS S 
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ei 
of dry bulb 
CF) 


P 


i 
| 
| 
} 
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> "ure 7 (a) Relative humidity 
La vine ETT $ : 
d Depression of the 
i > i.e. difference between we 
— -e s . ——— 
A 3]4|s|]6|7|8]9 lofi i2 13/14 «5 16/17/18 
SS E Bela o l _ ie 
97 | 95 | 92 | 89 | 87 | 84 | 82 | 79 | 77| 70 68 | 66 64 62/60/58 
97 | 95 | 92 | 89 | 86 | 84 | 81 | 79 | 76 69 | 67 | 65 | 63 | 61 | 59 |57] 
97 | 94 | 91 | 89 | 86 | 83 | 81 |78 | 76 69 | 66 | 64 | 62 | 60 | 57| 55 
97 | 94 | 91 | 88 | 85 |83 | 80 | 78 | 75 68 | 65 | 63 | 61 | 58 | 56 | 54 
—— M MM — ——————— 
97949188 /85|82| 79 | 77 74. 67|64|62/59|57/55|5 
97 | 94 | 91 | 88 | 85 | 82 |79 |76 | 74 66 63 61 59|56 |54]|52 
97 | 94 | 90 | 87 | 84| 82 | 79 | 76 | 73 65| 63 | 61 | 58 | 56 | 54| 51 
97 | 94 | 90487 | 84 | 81 |79| 76 73 65 | 63 | 60 | 58 | 55 | 53 | 51 
97 | 94 | 90 | 87 | 84 | 81 | 78 | 75 |73 | 65 | 62 | 59 | 57 | 55 | 521501 
97 | 93 | 90 | 87 84 | 81 | 78 | 75 | 72 64 | 61 | 59| 56 | 54 | 51 |49 
97 | 93 | 90 |:87 | 84 | 81 | 78 |75 |72 63 | 61 | 58 | 56 | 53 | 51 |49 
96 | 9390 | 87 | 84 | 80 | 77 |74 71 63 | 60 | 58 | 55 | 52 | 50 | 48 
96 | 93 | 90 | 86 | 83 | 80 | 77 |74 | 71 | 62 | 60 | 57 | 54 | 52 | 49 | 47 
96 | 93 | 90 | 86 | 83 | 80 | 77 | 73 | 70 62| 59 | 56 | 54 | 51 |48 |46 
96 | 93 | 89 | 86 | 82 | 79 | 76 73 |70 [61 |58 |55| 53 | 50 |47| 45| 
||| | agna | coe | meses |: CF — — 
96 | 93 | 89 '86/82|79| 76 | 72 | 69 60 | 57 | 54 | 52 | 49 | 46 | 44 
96 | 93 | 89 |85 | 82 | 78 | 75 | 72 68 59 |57 | 54 | 51 | 48 | 45 | 43 
96 | 93 | 89 | 85 | 81 | 78| 75 | 71 | 68 59 | 56 | 53 | 50 | 47 | 44 | 42 
96 | 92 | 88 | 85 | 81 | 78 | 74 |71 | 67 58 | 55 | 52 | 49 | 46 | 43 | 40 
96 | 92 | 88 | 84| 81 |77 |74| 70 67 57 | 54 | 51 | 48 | 45 | 42 |39 
96 | 92 | 88 | 84 | 80 | 77 | 73 | 69 | 66 56 | 53 | 50 | 47 | 44 | 41 | 38 
96 | 92 | 88 | 84 | 80 | 76 | 72| 69 | 65 55 | 52 | 49 | 45 | 42 | 39 | 36 
96 | 92 | 87 | 83 | 79 | 76 | 72 | 68 | 64 54 | 51 | 47 | 44 | 41 |38 | 35 
96 | 91 | 87 | 83 | 79 | 75 | 71 | 67 | 64 53 | 49 | 46 | 43 | 40 | 36 | 33 
96 | 91 | 87 | 83 | 79 | 74 | 70 | 66 | 63 52148 | 45 | 41 | 38 | 35 |31 
99 | 91 | 86 | 82 | 78 | 74 | 70 | 66 | 62 50 47 | 43 | 40 | 36 | 33 |30 
95 | 91 | 86 | 82 | 78 | 73 | 69 | 65 | 61 49 | 45 | 42 | 38 34 | 31 | 28 
35 |90 | 86 | 81 | 77 | 72 | 68 | 64 | 60 48 | 44 | 40 | 36 | 33 | 29 | 26 
95 | 90 | 85 | 80 | 76 | 72 67 | 63 | 58 46 | 42 | 38 | 34 | 31 | 27 | 23 
93 | 90 | 85 | 80 | 75 | 71/6662 | 57 44 | 40 | 36 | 32 | 28 | 24 | 21 | 
95 | 90 | 84 | 79 | 75 | 70 | 65 | 80 | s 43 | 38 | 34 | 30 | 26 | 22 | 18 
95 | 89 | 84| 79 | 74 | 69 | 64 | 59 | 3 41 | 36 | 32 | 28 | 23`| 20 | 16 
94 | 89 | 83 78 | 73 | 68 | 63 | 58 | 53 | 48 39 | 34 | 30 | 25 | 21 | 17 13| 
94 | 88 | 83 | 77 | 72 |67| 61 | 56 | s1 46 37 | 32 | 27 | 23 | 18 | 14 | 10} 
94 | 88 | 82 | 77 | 71 | 65 | 60 | 55 | 50 | 44 34 | 29 |25 |20| 1511| 6 
94 | 88 | 82 | 76 | 70 | 64) 59 | 53 | 48 | 42 31 | 26 | 22} 17/12] 7| 2 
24 | 87 | 81 | 73 | 69 | 63 |57 |51 | 46 | 40 2824/19/13] 8| 3 
93 | 87 | 80 | 74 | 68 | 61 | 55 49 | 43 | 38 26|21|15|10| 5 
93 | 86 | 79 | 73 | 66 60 | 54 | 47 | 41 | 35 23/17/12! 6 
93 | 86 | 79 | 72 65 |:59 | 52 | 45 | 38 32] 26) 20/14) 8| 2 
92/85 | 77 | 70 | 63 56 | 49 | 42 | 36 | 29 10/10 4 
92 | 84 | 77 | 69 | 62| 54 | 47 40 33 | 26 12| 6 
92 | 84 | 75 | 68 |60 |52 |45 |37 29 | 22 8 | 
91 | 83 | 74 | 66 | 58 | 50 | 42 | 34 |36 | 18 | 
91/82/73 65 56 4739 39 | 
) a - I i 
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(percentage) — ^ F. 


wet bulb (° F.) 
and dry bulb readings 


Shed uie 


19 |20 | 22 24 | 26 | 28 30 ,32 34 36 38 40 42 A4 | 46 


G 
51147 4440 | 37 | 35 | 32 | 29 | 26 
49 |46 4239 | 36 | 33 | 30 | 27 | 24 
48 |44 | 41 |37|34 31 | 28 | 25 |22 
52 50146 42 39 |35 |32 | 29 | 26 | 23 | 20 


[41 37 |33 30 |27 |23| 20 | 18 
50 | 48 | 44 | 40 | 36 | 32 | 29 | 26 | 22 | 19| 16 

43 | 39 | 35 | 31 | 28 | 25 | 21 | 18 | 15 
42 | 38 | 34 | 30 | 27 | 23 | 20 | 87) 14 
41/37 |33| 29 | 26 | 22 | 19 | 16 | 13 
40 |36 | 32 |28 |25 | 21 |18 | 14| 11 
40 |35 | 31 |27 | 23 | 20 | 16 | 13 | 10 


13 ldie 9| 
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> 


31 (b) Relative humidity (percentage) — ° C. 
= a = —— "T 


Q^ Temperature 
> of dry bulb 
COo 
50 
45 
40 
* m» 35 
30 
$7,725. 
20 

er bp 

10° 


2 


1]2|3|4|5|6|7|8]|9 |10|12] 14 | 16 | 18 | 20 


Depression of the wet bulb (° C.) 
* 


9 


57| 53| 46 | 40 | 33 |28| 22 
55 | 51 | 42 | 35 | 28 | 22 | 16 
52 | 47] 38 | 31 23 | 16 | 10 


35|29|17| 6| 
26| 18] 5 
12| 4 


To find by interpolation values not shown in Tables 7(a) and 7(b)— 


Intermediate values are found by putting the appropriate figure in 
» the series, and this is often merely a matter of finding the ‘half-way’ 
figure by simple praportion. For example: dry bulb 94° F., wet bulb 
86:5° F., i.e. a depression of 94 —86-5 = 7-5° F. The nearest figures 
given in the Table are shown in ordinary type, the interpolated 


figures in heavy type: 
j Dry Depression 
bulb 7 TS 
94 75 73 


a8 
71 


Simple proportion gives the half-way figure, showing the relative 
humidity as 73 per cent. 

Similarly, if the dry bulb reads 93° F. and the wet bulb 75° F., 
ie. a depression of 93 — 75 = 18° F.: 


» 


Dry ? Depression $ o 
bulb 18 2 
94 42 
93 41 
92 40 


o 


. H H , 1 1 
Here again simple proportion gives the half-way figure, and in this 
case the relative humidity is 41 per cent. 


For a depression of 10:5? F. at a dry bulb temperature of 73° F., 
the figures are: x 
9 


s 2D 


LI 
è S E 
« a € e 
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€ : ae 

Dry Depression : 
bulb 10 105 1 = ex 
74 56 54 52 . 
73 53 . . 
(px o 754-7152 50 RE 


^ 


When the figures do not work out exactly, approximations must be 
used, the relative humidity always being given as a whole number. 
In a doubtful case, the conventional rule is to choose the odd number. 
For instance: dry bulb 80° F.; depressions of 1 and 2 degrees show 
humidities of 96 and 91 per cent. respectively in the Table. Thus tife 
value for a depression of 1:5° F. might be either P or 93 per cent. 
It is customary to choose 93 per cent. 

More detailed tables than those given here are used at, clima«^ 
tological stations and in meteorological offices. But even when these 
are consulted, some interpolation is often necessary, since thermo- * 
meters are read to the nearest tenth of a degree. 


IV. SURFACE TENSION 


(8) The surface tension of water at 15° C. is 73:5 dynes per cm. 
(9) D 5 Msi miercuty Ay ae” ELS S 


V. HEAT 


(10) Equivalent temperatures on ded scales 


£ E a = my ax D ZEN es 


Absolute | Centigrade Fahrenheit | Réamur 


| 
Absolute iro ue a RUNS: | — 459° F. | — -as R. 
Fahrenheit zero . . .| 255°A. | — 18°C. Qo F|— I4R. , 
Freezing point of water . | 273*A. | oc. 32° E o RA 
Boiling point of water 373° A. | 100° C. 212? F. ui R. 
ELI © 
& 
c € 
€ 
« 
e CAE i 


ay F 
b 
» 9 z 9 9 
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E £39 
d 
9 
» 
LJ 
* 
$3 Mg 
(11) Centigrade to Fahrenheit conversion table 
r. = 
se S EE LC ae EG EC, oF, eC) 
Sm — = = 
0 32 26 79 51 124 76 
agri 34 274 81 52 126 77 
2 36 228 82 53 127 78 
b DLs ae 29. 84 54 129 79 
4 39 30 86 55 131 80 
5 4l “pl 88 56 133 81 
6 43" | "32 90 57 135 82 
7 45 33 91 58 136 83 
8 46 34 93 59 138 84 
9 48 35 95 60 140 85 
10 50 36 97 61 142 86 
11 52 $7 99 62 144 | 87 
12 54 38 100 63 145 || 88 
13 55 39 102 64 147 89 
14 57 40 104 65 149 90 
15 59 4l 106 66 151 91 
16 61 42 108 67 153 92 
ivi 63 43 109 68 154 93 
18 64 44 111 69 | 2156 94 
19 66 45 113 70 158 95 
20 |, 68 46 115 71 160 .| 96 
21 70 || °47 117 72 162 *| 97 
22 72 48 118 73 163 d| 98 
+ /23 B 49 e120 74 165 99 
24 |. 75 50 .122 75 167 100 
25 Ti 
ET: l a 
® * 
LJ 
^ e. 
bI 
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(12) Melting points, boiling points and. specific heats of Wie 


common nra ng 


Ed 


WS sig etit Huic i an EcL Med 
Melting “Boiling Spetific. heat 
Substance int joint (Calories 
" CC) e pergam) 
(a) Elements 
Aluminium 660 2200 0:21 
Carbon, diamond 3500 3927 0:16, 
Copper 1084 2310 0091 . 
Gold 1063 2530 0:031 
Helium — 272 — 269 
Hydrogen . — 259 £253 > 
Iron 1527 3235 0-11 
Lead 327-4 1755 0:03 
Magnesium 649 1107 0:246 
Manganese 1242 1900 c 0:112 
Mercury — 38:9 356-7 0-033 
Nitrogen — 210 196 
Oxygen — 218 183 
Platinum 1774 4300 0-032 
Silver 960-5 a 0-056 
Sulphur 115 6 0-163 
Tin. 232 2270 0-054 
Zinc 419:5 913 0-092 
(b) Solids (miscellaneous) 
Brass au. 0089 * 
Ebonite ax 04 
Glass 016 . 
Ice . vas ps 0 100 0;5 
Iron, cast. . . 7. 1527 2450 « 011 
Marble ; 0-22 
Naphthalene 80 E MIS : 
Paraffin wax € 0:69 
= d aoe = —€- E 
(c) Liquids (miscellaneous) x 
Benzene 4 5 80 
Ether ; k — 118 35 
Ethyl alcohol . d —115 78 0:58 
Glycerine . Lo n DEAT 29Q, 0:58 
Kerosene . . yt & 0:51 
Methylated spirit . 0:55 
Oil, castor . : 316 0:51 
» » palm, and olive . 047 
Turpentine x 042 
Water . 0 100 100 , 
€ 
* 


» t 
e 


® 
» n 
st ARE EG "APPENDIX J 
® . . 
LJ LJ 
LJ b 
* 
? (13) Latent heats 
. v 
v'e MT ry y 
Calories 
iion. per gram 
ure cu c =i - 

2 Tee fwar iya cS + +) 80 
MWater/sibam “wig en voc 539 
Naphthalene solid/liquid. . . . | 35 
^ Ethyl Dua: liquid/gas . . . . 205 
Lo. | - 

» 
2 
A 


(14) Boiling point of water at various heights and pressures 


Height — Temperature of 
bus iere . Pressure boiling water 
ve s) | (mm. of mercury) 9 
M.S.L.) "ds om 
^ a 
0 1013 760 100 
» 1000 899 674 3.93 
2000 795 598 5 M 
A 300 701 528 » 90 
616 467 87 
* 5000 540 411 84 
10000 264 * — 205 67 
15000 120 ? 95 50, 2 
i. è 
1 M.S.L.—Mean sea level. 
L] “ ^ . 
^ o > 2 
9 
PIR z i 
` 2 ao P] 
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€ ce 
(15) Cones of expansion £ 
= , — c 
(a) Of length (linear) * (b) Of volume ubica : 
Solids a xad | y s MC 
* oU = Eel eee 
Aluminium 26 x 10— || Alcohol . 0-0011 
Brass . TARE Glycerine 0-00053 
Carbon, diamond T9 ,, Kerosene . 0-0011 
Copper 17 , || Methylated spirit 0:0011 
Glass . 85 p Mercury . : 0-000482 
Gold . 14-625 Turpentine " 0:00097 <, * 
Ice $0454 Water (5-10? C.) 0-000053 € 
Iron 12 sie (10-26% C.) 0-000150 «< 
» cast. I0 vr (20-40? C.) * 0-000362 
Lead . 29414 (40-60* C.) 0.000458 .— 
Magnesium . 25 03 (60-80* C.) 0-060587 
Pyrex glass 3 .» 
Silica . 04- 05 ,, € E 
Steel . 10:5-11-6 ,, S 
Silver 19 5 LN 
Tin 225 0l 
Zinc . 08 sr s 
EM m p Y 
Note—To obtain the coefficients of cubical (volume) expansion of solids, the 
coefficients of linear (length) expansion are multiplied by 3. 
(16) Thermal conductivities E 
Conductivity " 
Substance © (Calories per cm. < 
per second per ° C.) 
- rj — s 4 
Silver eau d x 
Copper. t .. 0:9: c 
Gain MEE c DE E UM 
Aluminium  . 0-5 z E 
Zinc ; 10077 e 
* — Brass à 026 5 | 
Iron : 0:16 2 
Tin. : 0-16 22 det 
Steel K O11 oo 
Lead : 008 * "ez NER. 
Ice . c f 0-005 | 2 
Glass y 0:0017 p 
Mahogany . 0:0005 [s] 
Ebonite 0:00038 Q 
Rubber . 0-00031 Z 
Cork 000012 . ? Be 
Silk . 0-00009 
Wool 0:00009 } c 
Eiderdown . 0-00005 c 
£ S 3 e 


^ 
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"A » IN VE. LIGHT 
ii co ve (17) Speed of light 
300,000,000 metres per second 


SOT 186,000 miles per second 


© Ò 
(18) Some refractive indices 
| Refractive 
e Substance Aad 
M * a 
S j Aniline . 1:59 
Carbon dhulphide . 1:63 
r- Diamond . 2:42 
“Ethyl alcohol 1:36 
Glass, crown-flint 1:52-1:65 
9 doe T 1:31 
b Kerosene 1:44 
Turpentine 1:48 
Water E 1:33 
^ EX. 
VH. SOUND 
5 (19) Speed of sound 
——— 000o- 
bi Medium Velocity 
(cm. per sec.) 
0 Air LO da 313 x rw 
Mate UAE A 14-10 x 10^ 
SENE 47-522 x10 
A Glass . , 5 e. 50-53 x 10* 
Mondes ROB Nt os 45 x 10: 
xc re EU MUN AM 
4 D 5 D 
ME (20) Frequency of musical notes (Laboratory scale) 
Note". RM , Dou | dy 
ote ^ c d e f lo z | æo [4 
Frequency 256 | 288 | 320 | 341 | 384 | 427 | 480 | 512 


Ratio of frequency o of note 
compared withe . , || | 


9/8 | 5/4 | 4/3 | 3/2 | 5/3 | 15/8| 2 
sy — —— i ds" de 


—— a 


t 


€ € 
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Crs 
(21) Conditions for harmony 
€ 


2-—1 —————$——— 


« 
Notes Interval (as named | Ratio of frequexcies 
: by the musician) (lower to higher note) * "e 
MES i onm ue d (ee 
ce major third | four-fifths ce 
cf perfect fourth | three-quarters 
c g perfect fifth | . two-thirds 
ec minor sixth |  five-eighths 
ca major sixth | three-fifths 
cc octave one half * 
| E. 


Note — When the ratio of the frequencies of*two notes is a simple 
fraction, harmony results. Harmony is not a matter of personal 
opinion, but of physical measurement. Musicians and pltysicists 
approach the subject of harmony from different points of view, and , 
the names given to intervals by musicians do not correspond to the — « 
arithmetical ratios of the frequencies of the notes involved. The 
table above helps the musical pupil to avoid confusion. 


c 
VIII. ELECTRICITY 


(22) Characteristics of copper wire 


* 
Standard Wire Diametef^ | Resistance ae, E iyu 
Gauge (S.W.G.) god (ohms per metre) (amps.) (amps) 
: eee 9 EU 
8 t 4:06 . 
10 © 325 c € 
14 2:03 € Em 
18 1:21 0-015 42 20 
eee 0:91 c 0026 26 11 
225 0-71 0-033 1:7 ri 
26 0:45 0-06 07 3 
32 0:27 0:29 0:2 : 
36 0-19 059 e 0:15 A 
c 
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^ — (23) Approximate resistance of other wires 


To obtain thé approximate resistance (in ohms) of wires of other 
,materials the figures under ‘Resistance in ohms per metre’, for 
«copper (Table 22), should be multiplied by the factors shown below:— 


) 4) 


Material | Factor 
Gonstantan M X. v -. 30 
V Conran m Sa . 30 
Ee Eureka S. war sn. 30 
Mangan ."*. . . 25 
Nichtgsiey (sese | 60 


z (24) Sizes of flexible conductors 


Bell wire, for circuit; up to 6 volts: 
> 6 strands of 36 S.W.G. copper wire (6/36) 
Ordinary wire, forscircuits up to 250 volts: 
To carry 400 watts (14/36) 
To carry 600 watts (23/36) 
To carry 1000 watts (40/36) 


9 
(25) Electromotive force (E.M.F.) of cells 


` 


——— = 


; E.M.F. 
7 ta cells (volts) 
H = oe -*» c e ae - 
| 
Bichromate ie. a. s 20 
Bunsen) Way Sat oe M p9 E > 
Dame mcos a 1:07 
Eeciinché; Wet: ull. lol ES 
5 mie Ary battery’. o ie | 1-5 
2 ee See ee 
v 
Secondary cells | Voltage 
Nickel-iron (NiFe) . S 
Lead mm m I. | 1:%-2:2 


( 
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c 
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(26) Carrying capacity of pure tin fuse wire 


Gauge Capacity e 
(GS. W.G.) (amps.) c 
2 24 | 5 e 
26 4 OX 
28 | 3 
32 2 
36 | 1 
(27) Electro-chemical equivalents 
= = C C < 
| E HT ^ 
Element | 7 
(gram per sec. per amp.) z c 
Silvers Ve 2 ah 0:001118 c 
Copper v ANNE 0-00033 
Oxygen Apis 0-0000829 
| 0-00001045 


Hydrogen 


M 
(96,494 amp.-seconds will deposit one equivalent weight in grams.) 


(28) Voltages to produce sparks in air 


Conditions: Average temperature and pressure c 
Sparks between pointed leads. 


4 Length of Spark Potential — « x 
(inches) (volts) - 
€ 
" € Li 

0:25 * 5000 . 
0:5 c 15000 
c ; 10 5° 30000 
Ap PY) 50000 
60 100000 


* (29) Molecular dimensions 


Diameter of a molecule of hydrogen: 2:4 x 10-8 cm. 
Diameter of a molécule of water: 4-1 x 107? cm. 
BB 


c CASE : 


C £ 


7 
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IX. CONVERSION FACTORS 


. The unit in the first column is multiplied by the conversion factor 
shown in order to obtain the equivalent number of the unit in the 
x> Second column:— 
veg. 6inches = 6 x 2:5400 centimetres 
25 pounds per cubic ft. = 15 x 0-01602 grams per c.c. 


. | centimetres 


Inches . 2:5400 
» Centimetres . inches 0:3937 
Sh Lande 27... [metres 0-9144 
Metres. . 2U yards 1:094 
Mies .". . r: | kilometres 1:609 
i »Kilometres . | miles 0-62137 
5 Pints, - litres 05682 — 
Litres + | pints 1-760 
4 | 
Ounces , grams | 28:35 
5 Grams . ounces | 0-0353 
Pounds (Br . kilogrammes 0-4536 
logrammes . pounds 2-205 
Gallons (Br) . ; | cubic feet 0-1602 
Cubic feet . gallons 6:24 
ə Gallons (U.S.A.) . . | gallons Br.) | 0:8331 
Gallons (Br.) . . gallons (U.S.A.}, 12 
Pounds per cu. ft. grams per c.c. | 0-01602 
Grams per c.c. ever cu. ft. A 
» Pounds weight dynes | 4:448 x 105 
DVRS aie e e a pounds weight | 2-248 x 107 
— = | 
Pounds per sq. in. grams per sq. cm. | 70:306 
Grams per sq. cm. pounds per sq. in. | 0-01422 
Foot-pounds joules | 1356 
^ Joules . . foot-pounds 0:7372 
* Horse power ® | kilowatts 0:746 
Kilowatts * horse power ^ » 1:34. 
B.Th.U. calories 1252 
Calories B.Th.U. 0-003968 
s 
^» 
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| TES 
Calories . . . joules 418 
Joules . | calofies 0:239,° 
Miles per hour - cm. per second 4470 * ., 
Cm. per second miles per hour 


| 0:02237 
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Square imches . 


. | square centimetres 6:4516 


Square centimetres square inches | 0-1550 
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Accidents, 278-82 Armatures, 229 z 


Accumulators, 225 

—, acid and alkali, 194 

—, charging of, 194 

—, solutions for, 265-6 

Accuracy, degree of, 67, 130 

— in measurement, 96-7 

Acetic acid, 262 

Acetone, 262 

Acoustics, 182 

Activity series of metals, 66 

Adaptation of buildings for science 
teaching, 182-7 

Agriculture, local, 37-8 

Aids to teaching, 202-26 

Alchemists, 13 

Alcohol, 262-3 / 

—, effects of, 42 

Alkalies, caustic, 265 

Aluminium, sheet, 229 

—, wire, 263 

Ammeters, 229, 245-6 

Ammonia, 263 

Ammonium bicarbonate, 263 

Amoeba, experiment with, 107 

Analogy, use of, 130 

Analysis of a mark list, 173% 

Analytical ability, test for, 156-8 

Anti-bodies and infection, 80 

Ants, protection of/specimens from, 

250 

Apparatus, care of, 361-2 

—, display of, during lessons, 87 

—, drying of, 252 . 

— improvisation of, 227-44 o 

—, Kipp’s, substitute for, 239 

—, list of, 307-30 

—, maintenance of, 245-62 

—, ordering of, 270-72 

—, projection, 209-13 < 

—, simplicity of design of, 227-9 

—, size of, 86 

—, treatment of, after experiments, 105 

Archimedes’ principle,231-2 


Artificial light for laboratofes} 182 
Asbestos, sheet, 229 

Association of ideas, 44 

Astronomy, 3, 25, 286-8 

—, inclusion of in curriculum, 27 

—, lesson in, 116-19 z 
Atmosphere, height of, 75 *d 
*Atmosphere' in a class, 142 E 
Atoms, 130 & — A 

—, evidence for existence of, 74-7 


—, size of, 76 P £ 
Attitudes, desirable, 12, 22, 6 

. € © 
Bacteriology, 3 i 


Balance riders, 243 
Balances, use of, 97 
Barometer, making a, 246 
Batteries, dry, 195 
Beakers,229 € 
Bench cupboards, 188 
— drawers, 188 
— reagents, 266-8 
— sinks, 188-9 f 
Benches, 185-8 
Bibliography, 341-6 
Bicycle, for mechanical examples, 36 
Biochemistry, 3 í 
Biological specimens, 229, 248-51, 260 
Biology, 3,24 * © 
— as a study of living things,<«73-4 
— in syllabus, 29, 47-8 * 
—, lécal examples in, 37 « 
«—, logical order of, 43 
—, reasons for teaching, 73 
—, selection of species for, 29-31 
Birds, observation of, 218 ; 
Blackboard, 86-7, 189-90 € 
— aseteaching aid, 203-4 z 
Bleaching powder, 263 
Blood, 9, 73 
—, lesson on, 80 
Boiling points, of water, 353 

- — , table of, 359 
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Books, 224-6, 341-6 > >? 


Botanical specimens, 229 
= E ,preservation of, 
248-9, 260 
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» Botany, 3» 
? Bottles, 229-30 
" —, trays for, 199 i 
Bourdoii gauge, 235-6 
Boxes, collecting, 231 
—, fitted, 198 
Boyle's law, 67 
, — apparatus, 247 
Bread-making, local methods of, 37 


' Somine, 263 


“Bucket and cylinder’, 231-2 

Bulletin boards, 190-91 P 

Burners, gas, 181, 270 

Burns, treatment of, 279-80 
Butterflies, mounting of specimen, 250 


Calcium carbide, 263 
Calorimeters, 230 
Capillarity, display card for, 220 
» —» ‘explanation’ of, 6 
Carbolic acid, 262 
Carborundum, 264 ® 
Cards, experimental instruction, 102-4, 
298—303 
Careers, effect of on syllabus, 32 
Cartesian diver, 233-4 
Categories, classification into, 67 
Ceiling fixtures, 191-2 
Cells, Leclanché, 195 
—, primary, 195 
—, secondary, 194 
«Cement, laboratory, 269 
Chargers, electric trickle, 194 
Charging of electric batteries, 494 
Charts, 204 i 2 


—, display of, 190, 207-9 ° 


Chemicals, common, 262-5 
—, dangerous, 177, 331 
—, deliquescent, 337 
» —, list of, 331-40 
—, poisonous, 337 E 
Chemistry, 3, 74 lc 
—, logical order in syllabus, 42-3 
Chloroform, 264 
Cine-projector, 210 
Classification of facts,.67 


INDEX 


Classroom, adapted for science, 184-5 
Cleaning of glassware, 247 
" — of mercury, 248 

Clips, 199, 230 3 
—, spring, substitute for, 231 | 
Clock, labcratory, 192 
Cloths, polishing, 231 j 
Clubs, science, 222-4 t 
Coil and magnet, 88 

Collecting boxes, 231 

Colour, experiments with, 214-15 

—, lesson on, 93-5 

— photography, 94 

Coloured lights, 251 

Community, co-operation in, 108 

—, needs of, 31-2 

—, resources of, 218-19 

—, ways of serving, 77-8 

Commutators, 231 

Concentration, the child's, 47 

Conclusions, ability to draw, 160 

—, pupils' faulty, 131 

Condensers, electric, 231 

Conductivities, thermal, 367 

Conductors, flexible, sizes of, 364 
Conferences, 141 

Conservation of energy, lesson sum- 

mary of, 81-2 7 

Constructional toys, 133, 169, 239 j 
Control experiments, 7, 106 

Controlled conditions, 59 

Conventions, diagrammatic, 124-6 
Conversiðn factors, 366 

Cooling effect of evaporation, 58 
Co-operation among pupils, 105 

—, assessment of gupils’, 135 

—, of the community, 108, 184 

—, practice in, 100 

—, training in, 97 

Cork presser, 231, 251 


Córks, boring of, 251 n 9 
Correlation of science to other sub- 
jects, 19 


Courses, advanced and specialized, 33 
—, length of, 22-3 

Craftsmen, local, 184, 219 

Crova’s disc, 232-3 

Culture solutions for plants, 267 
Cupboards, laboratory, 188, 192 
Curriculum, science in the, 11 
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Cuts, treatment of, 279 Electric mofor, model of, 912 
‘Cylinder and bucket’, 231-2 e — motors and dynamos, 90, 242 a 
—pltigs and socket§, 194, 196-8, 
Dais, laboratory, 192-3 230-31 e 
Danger in laboratory, 273-82 — shock, treatment of, 281° a 
Dark room, 177-9, 184 * — telegraph, 90 Une 
Dead black, 269 « — transformers, 90-9] œ @ 
Definitions, precision in, 63-4 — wires, copper, 363 
Degree of accuracy, 67, 130 — — „flexible, 252, 364 
Demonstration method, 85-95 —  — ,resistance of, 363-4 
Density determinations, 100-105, 252 — — — , tin fuse, 365 
—, experimental instruction cards for, Electrical constants, 363-5 — « 
104, 298 Electricity, earth connexions for, xod, « 
—, of common substances, 357 196-8 SE M 
Dew point, 238 o  — fitting af points for, 196 D 
Diagrams, coloured, 203 —, high vol pply, 195 
—, conventions in, 124-6 —, laboratory use of, 193-8 * 
—, display of, 207-9 —, low voltage supply, 193 “= 
—, drawing and labelling of, 121-6 —, mains supply, 211 
— in tests, 153-4, 155-6 —, precautions in use «f, 194, 196-8 € 
Difficulties, pupils’, 120-34 Electro-chemical equivalents, 365 e 
Dimensions of science rooms, 178, 183 Electrodes, 234 
Dip circle, 232 Electrolysis of water, 214, 234 
Disc, Crova's, 232-3 Electro-magnet, 241 c 
Discipline, 103, 185, 274 Electro-magnetigm, lesson on, 88-92 
—, mental, 47 Electroplating, solutiohs for, 268 
Discussions, 141-2 Emergencies, 276-82 
Dishes, dissecting, etc., 233 Energy, conservation and transforma- 
Display cards, 213, 220 tion of, 81-2 e 
Display of charts and diagrams, 190- Enjoyment of lessons, 17, 143 
91, 207, 209 Enthusiasm, the pupils’, 17, 71 e 
— of chemicals and equipment, 203 —, the teacher's, 71 _ = 
Dissecting needles, 233 Environment, the pupils’, 17, 38 p 
Distillation, 38 Epidiascopes, 209 
Diver, Cartesian, 233-4 Equipment, adequacy of, 22¢ x 
Doppler effect, 29 4 —, essential, 109 
Drainage, laboratory; 181 —, improvisation of, 224-7 
Draining racks, 193 —, labdratory, 185-203 
Drawers, laboratory, 188 —, list of, 307-40 € 
Drawing of diagrams, 121-6 o Š locally made, 184 
Drying of apparatus, 252 Erosion of soil, 38 
— of mercury, 248 Errors, anticipated, 132 
— of specimens, 250 —, experimental, 64-5, 69, 97, 101 t 
Dynamics, 2, 114-16 —, pupils’, 128-33 
Dynamos, 90, 242 —, solirces of, 2 o 5 
£ . ‘Eureka’ overflow jar, 234-5 
Earth, age of, 75 Evaluation of attitudes, 142 
Electric circuits, 134, 193-8 — of interest, 142 
— condensers, 231 — of marks, 173-6 
— current, A.C. and D$C., 91 — of outcomes, 136 1 
© € 
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Evaluation of progress, 142-3 ; 
— ofsense of responsibility, 143 
— of teaching iesults, 135-6 — 
Evaporation anil cooling, 58, 132 

p> — and transpiration, 58 

» Evidence, ability to interpret, 159 
—, accumulation of, 75." 
Evolution as a ‘project’ basis, 114 
Examinations for diagnosis, 137 
— questions on magnetism, 164-6 
—, as a test of the teacher, 137 
Examples for various tests, 139-73 

„Selection of local, 34-9 


i "ÉXcursions, 217 
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Exercise books, type of ruling in, 127 
Exhibitions and ‘sciczsfairs’, 219-22 
Ẹxits of laboratories, 182, 184 
Expansion, coefficients of, 367 
Experience, reliance upon, 69 

» Experimenterspexpert, 70 
Experiments, ability to plan, 163 
—, accounts of, 96 
—, assistance of pupils in, 87 

ə —, control, 7, 106 
—-, critical, 8 A 
—, demonstratión, 85-91 
—, economy of apparatus in, 98-9 
—, failure in, 87-8 
—, for exhibitions, 221-2 
—, heating for, 183 
—vinstruction cards for, 102-4, 298- 
303 


—, large-scale, 215 

—, organization of pupils’, 98-100 
4,77» Pupils? descriptigns of, 127-8 
oa " 

—, selection of, 95 

— suitable for class work, 102 

—, variety desirable in, 95 ° | 

Explanations, suitability of, 77 

Eye injuries, treatment of, 280-81 ° 


Factors, conversion, 366 

Facts, categories of, 42 

—, classification of, 66 

—, regard for, 12 * 
—, reliance on, 97 

Fainting, treatment of, 281 
Fans, 179 

Farmer's potometer, 56 
Fehling's solution, 266 


INDEX 


Field excursions, 217 


» Film strips and loops, 210-11 


Filter paper, substitute for, 235 
Fire, 277-8 
—, prevention of, 347-8 
First aid, 274, 278-82  . 

— —, instruction in, 81 

— —, kit for, 349-50 
Fittings, laboratory, 183, 185-201 
Fixtures, laboratory, 185-201 
‘Flex’, 252, 364 
Floors, laboratory, 181-2 
Flowers, collections of, 248 
—, observation of, 218 
Eluorescin, solution, 269 
Flux, soldering, 259-60 
Formaldehyde, 264 
Friction, 36, 115 
Fume cupboards, 179, 193 
Furniture, laboratory, 185-200 
Fuse holders, 235 
— wire, current capacity of, 365 


Galvanometers, 252-3 
Gas burners, 181, 270 
—, petrol-air, 180-81, 270 
— supply, 180-81, 183 
Gauge, Bourdon pressure, 235-6 
— „rain, 228, 236-8 
— , Vernier, 244 
— , —  ,tests in use of, 166-8 
Gelatin, 264 
Generalizations, ability to make, 160- 
61 
Geography, 19-20 
Geology, 38 X 
Glass rod and tubing, storage of, 200 
Glassware, 229, 260, 270 
—, cleaning of, 247-8 
—, drying of, 252 
Gold size, 264 5 3 
Government departments as a source 
of help, 32, 78, 204, 219 
Grading of pupils in class, 174-6 
Graphs, 207-9 


> 
Hand-lenses, 253-4 
Hare's apparatus, 238 
Harmony, 363 
Hatchway in pteparation room, 178 
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Health, effects of poor, 131 Interest, personal, 14 e 
Heat, laboratory sources, 180-81, 183 —, pupils’, 136 
—, tables of constants, etc., 357-61 —,ewaning of, 72 € 
Heating appliances, 180-81, 183 —, young peoples,83  , 
Heat-sensitive paper, 269 Interpolation, examples of, 356 *« 

| Herbarium, 248 e Interviews, 141 
Historical order, in syllabus, 41 Inverse square law, 45 y 

4 — — , pupils’ interest in, Iron pipes, disadvantages"of; 180 

33 Irrigation, methods of, 34-6 
History, 19 
— of science, 33, 283-5 Jets, summary of lesson on, 83 

| Honesty, 70 Junk, uses of, 228 x 
Hooks, 199, 230 m 
Humidity, relative, 78, 353-7 Filing portie cet Sdo’ 

Penes: pp's apparatus, 239 1 
Hydrochloric acid, 262 E Knowledge, factual, 135 ae 
Hydrodynamics : —, increas&"of scientific, 8 
| Hydro-electric scheme, ‘project’ on, local, 171-2 
109-14 ee orderly arrangement o ; . 

Hydrogen, 214, 234 —; unity Of 12, 14, 47 - 

i —, in filling toy balloon, 253 —, wide range of, 14c © 
Hydrogen peroxide, 264 e 
Hydrometers, 238 Labels, 253 

j Hydrostatics, 2 — in drawings, 123-4 
Hygrometers, 238 Laboratories, 177-201 c 
Hygrometric tables, 353-7 —, acoustics in, 182 
Hypotheses, 27, 144 —, adaptation of reoms as, 182-4 
—, ability to propose, 158 —, artificial lighting in, 182 
—, definition of, 7 —, benches for, 185-8 

—, blackboards in, 189-90 
Illustrations, display of, 33 —, ceiling fixtures for, 192 
Imagination, 20, 74-6 —, clock in, 192 

| Improvisation and invention, 12, 98 —, cupboards for, 188, 192 
— of apparatus, 227-44 —, dais for teacher in, 192-3 
Inclined plane, 36, 238-9 —, drainage in, 181 

j Indicators, 16-17, 264, 268 —, electricity in, 193-8 « 

Industries, local gzvelopment of, 98 —, exits from, 182 2 

| Ingenuity of pupila, 103 —, fittings and fixtures in, 185-201 
— of teachers, 227 —,,fiSors of, 181 Y 

: —, opportunities for, 97-8 - —, fume cupboards in, 193+ 
Inoculation, 81 e —, heating in, 180 
&nsects, collections of, 249 = —, notice boards in, 190 
—, preserving of, 249-51 —, shelving in, 199 
Instruction, formal, 109 —, sinks for, 188-9 
Instruction cards for experiments, —, ventilation in, 179-80 c 

102-4, 298-303 —water supply fer, 180 « 
Insulators, 239 < € —, water-taps‘for, 200-201 
Integrity, 71 —, windows in, 179 
Intellectual development, 16 Laboratory method, 95-107 
Interest, growth of, 74-6 — rules, 273-6 
—, methods of arousing, 108 — technique, 245 
e € 
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Language and science teaching, 19 
Latent heats, table of, 360 
Latitude, sun’s,® when overheac at 
noon, 288 ə 
jaws of sciehce, 7 
Layering, 37 
Laziness, pupils’, 131 < 
Lecture method, 79-85 
— rooms, 177-8 
Lenses, hand-, 253-4 
—, in projectors, 212 
—, storage of, 199 
a 73, W8schmaker's, 240 
Exitie's cube, 240 
= Leyers, 254 s 
Library, science, 224-62 41-6 
Life force, 9 
Light, coleured, 251 
—, effect of on growing plants, 7 
7»^, rays for experiments in, 256-8 
æ —, speed of, 362 
Lighting in demonstrations, 86 
— in laboratory, 179, 182 
» Liquids, density of, 100-102, 357 
—, treatment when spilt, 276 
Local craftsmen, iselp of, 184, 219 
— examples, selection of, 34-9 
— lore, questions on,171-2 
Logical order in syllabus, 42-4 


Machinery, inefficient use of, 28 
Magazines, in library, 226, 346 

—, use in class, 133 

Magnet and coil, 88 

Magnet, elestro-, 241 

SWagnetism, 51, 164-6" 
Magnetomieter, 241 

Maintenance of apparatus, 245-82 
Manipulative skill, 168-70 x 
Marking, reliability of, 173-6 
Marks, 18 

—, significance of, 174-6 
Mathematics, 2, 19 

"Matter, forms of, 3 

Measurement, accuracy of, 96-7 ® 
—, tests in, 166-8 " 
‘Meccano’, 133, 239 

Mechanical devices, 35-6 
Mechanics, 2, 74 

—, reasons for study of, 27-8 


9 ¢ 


» INDEX 


Melting points, 102, 107 
>»— — , table of, 359 
Memory, aids to, 205-7 

—, tests of, 170-71 

—, undue credit for, 135 


Mental discipline, 47 


Mercury, cleaning of,.248' 
—, recovery of spilt, 255 
— removal of bubbles in, 255 
Metals, properties of, 66 
Meteorological records, 77-8 
Meteorology, humidity tables, 353-7 
—, hygrometric experiments, 132, 238 
Methods of teaching, demonstration, 
r 85-95 
— — — , group work, 
107 
, laboratory, 95- 
107 
, lecture, 79-85 
» ‘project’ or 
*unit',107-16 


Methyl alcohol, 263 

Methylated spirit, 263 

Micro-projector, 210 

Microscopes, 255-7 

Minerals, 38 

Mirror, for teacher's bench, 86 

Mirrors, plane, 241 

Misconceptions, pupils’, 132 

Mistakes of pupils, 128-33 

— of teachers, 70 

Models and model-making, 109-14, 

204, 222, 228 

Molecular dimensions, 365 

Molecules, 75-6 % 

Monochord, 241 a 

Mosquito larvae, 215 

Motion, perpetual, 116 

Motors, electric, 90-92, 242 

Mounting and setting of insact speci? 
mens, 250-51 

Museum, the school, 213, 221 

Music and harmony, 28, 363 


Naphtha,?mineral, 264 

—, wood, 263 

Naphthalene, cooling curve of, 107 
Natural history societies, 217 
‘Nature trails’, 223 


INDEX«@ 


Needles, dissecting, 253 

—, magnetized knitting-, 254 
Needs of young people, 33 
Newspapers, science articles in, 34 
Nickel-iron (NiFe) cells, 194, 266 
Nitric acid, 262 e 

Notes, pupils’, 120-22, 137 
Notice boards, 190-91 


Observation, tests in, 170-71 

Oil-fields, 38 

Opisometers, 242 

Ordering of materials and equipment, 
270-72, 307-40 

Organic evolution, as teaching unit, 
114 

, evidence of, 75 

OV jar, 234-5 

Oxidation, 227—and see *Rusting" 


Paint brushes, cleaning of, 248 

Paints, mixing of coloured, 95 

Paper, botanical drying, 242 

Parasites, 9 

Patterns in Nature, 13 

Pendulum, suspension of simple, 98-9, 
132-3, 251 

Perpetual motion, 116 

Petroleum ether, 264 

Petrol-gas, 180-81, 183 

Phenol, 262 

Phlogiston theory, 13 

Phosphorus, 265 

Photography, 178 

—, colour, 94 

Physical data, 357-67 

Physics, 2, 74 

Plane, inclined, 35-6, 238-9 

Planets, 118, 286-8 
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Planning experiments, tests on, 163-4 « 


Plants, cellections of, 248 E 


—, life cycle of, 73-4 

Plaster of Paris, 264 

Plugs and sockets, electric, 194, 196-8, 
230-31 

Poisoning, treatment for, 281 

Poisons, 331 

Potassium cyanide, 249, 265 

Potentiometer, 244 

Potometer, 54-6 [e 
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Powér, natural sources of410, 91 
Practical tests, 166- 71 
— work, 12, 95-107¢" 
— ,need for, 20-21 , 
Preparation room, 177-8 183 
Pressure and boiling point, 353 
— of water vapour, 353 
Pressure gauge (Bourdonf, £35 
Primary cells, 195 
Principles, ability to apply, 161 
—, general, of science, 43 
—, illustration of, 26 : 
—, understanding of, 68 e. 
Probability curve, 174 € 
Problems, 51-67, 128 1 
—, analysis.of. 54, 58 
—, collecting evidence to solve, 56, 
59-61 
—, drawing conclusions to DNA 57 
—, how they arise, 53 


—, interpreting evidence in, 56, 59-61 c 


—, misunderstood, 128 
—, practical applications of, 62 
—, real and invented, 131 n 
—, ‘sensing’ of, 52, 58 
—, steps in siving-af, 52 
—, their solutions and further prob- 
lems, 63 
—, their solutions and hypotheses, 
53-4 
—. unsolved, 8 
‘Project’ method, 44, 107-16 
Projection apparatus, 209-13 
— screens, 212 
Pupils, assistance of, in, demonstra- 
tions, 87 = 
—, difficulties of, 120-34 © 
—, escimating attributes of, 135 
—,‘interests of, 33, 44, 46: 72, 136 
—, laboratory rules for, 274-6 
—, mistakes of, 128-33 
—, questions from, 141-2 


Qualities, ‘analysis of pupils’, 136-7 « 

—,cubjective testsfor pupils’, 135 

Questioning, oar, 138-40 

Questions—and see ‘Tests’ and "Test 
types’ 

He eles, 45 

—, essay type, 142 


(* 


d 


D) 


ə 


» 


3% ° Nee 
` Questions, of pupils, 141 * 
—, on local lore, 171 
—, related to ability, 140 
—, various, for tests, 139, 144-73 
a» yes or nd’ type, 139, 147 
uicklime, 263 
dur a weekly, 215 » 
— cards, 134, 172-3, 304-6 
‘Quizzes’, various, 172-3 


Racks, draining, 193 

—, store4room, 200 

,Rain gauge, 228, 236-8 

Rzj»for light experiments, 257-8 
Reagents, bench, 266-8 

Records, pupils', 120-22..187-8 

Rectified spirit, 263 

‘Red let lays’, 213 

Refractive indices, 362 

Repetition, in teaching, 50-51 


s Resistances, electric, 242 
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— of electric wires, 242, 363-4 
Resonance, 68 
»Respiration, questions on, 139 


Responsibility, estimating sense of, 136 


—, sense of, 71, 72» 

Results, reliability of, 67 ` 
Rheostats, 242 

Rhythm in Nature, 209 

Riders, balance, 243 

Ring, iron.,243 

Roofing materials, 58-63 
Roofs, iron, 58 

Rubber, care of, 257-8 

— bands and rings, 243 
circles, 243 H 

Rules for the laboratory, 273-6 
Rural environment, 38 LI 
Rusting, a-problem on, 58-63 


Saliva, action of, 105-6, 299-303 
Sarcasm, effect of on pupils, 72 
Satisfaction, mental, 47 

‘Scalds, treatment of, 279 
Scale-pans, 243, 259. 

Science, aesthetic valu&*of, 1 

—, and its applications, 4 

—, assumptions of, 5 

—, branches of, 2-4, 15 

—, community and, 32 
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Science, correlation of, 19 

—, disciplines in, 1 

—, discoveries in, 1 

—, disease and, 9 

—, food supply and, 1 

—, General or specialized? 21 

—, history of, 8, 13, 283-5 

—, imagination and, 11 

—, intellectual value of, 1 

—, laws of, 7 

—, limitations of, 5 

—, logical order in, 11 

—, methods of, 1, 7, 12 

—, necessity for, 9 

—, need for knowledge of, 10 

—, place in curriculum of, 11 

—, politics and, 1 

—, poverty and, 9 

—, practical value of, 1 

—, prejudice and, 108 

—, pure or applied? 25 

—, truth and, 6 

—, unity of, 14 

—, values and, 5 

Science clubs, 222-4 

— ‘fairs’, 219-22 

—rooms, 178-9—and see ‘Labor- 
atories’ 

Scientific ‘explanations’, 6 

— knowledge, increase of, 8 

— language, 19, 63-4, 127-30 

— methods, 7 

— principle, 26, 161-3 

— ‘proof’, 70 

— terms, 128 

Screens, projection, 212 

Sea-water, substitute for, 267 

Seasons, their influence on curriculum, 

88 


Secondary cells, 194 
SelfXliscipline, 131 o 
Septic tank, 181 

Service to community, 77 
Setting boards, 250 
‘Shadoof’, 35 

Shelving laboratory, 199-200 
Shock, electric, 281 

—, treatment for, 282 
‘Showmanship’, 16, 87 

Sight, problems of, 8 
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Significant figures, 131 Statics, 2t e 
Silvering solution, 269 Stirrups, for magnets 260 e 


Simple pendulums, suspension of, 98- 
9, 132-3, 257 
Sinks, laboratory, 188-9, 200 
Skeletons, gleaning of, 251 
Skill in critical thinking, 136 
— in measurement, 166-8 
- with inadequate apparatus, 87 
Skills, basic, 13 
—, manipulative, 13, 168-70 
—, transference of, 18 
Soap solution, 270 
Sockets, electric 3-pin, 194—and see 
‘Plugs’ c 
Soldering fluxes, 259-60 
Solids, density of, 100-105, 357 
Solutions, bench reagent, 266 
—, culture, for plants, 267 
—, densities of aqueous, 352 
—, electroplating, 268 
—, Fehling’s, 266 
—, fluorescin, 269 
—, for accumulators, 265-6 
—, indicator, 264, 268 
—, iodine, 267 
—, laboratory, 265-70 
—, pyrogallol, 267 
—, sea-water substitute, 267 
—, silver nitrate, 267 
—, silvering, 269 
—, soap, 270 a 
Sonometer, 241 1 
Sound, experiment on, 70 
—, frequencies of, 362 
—, in syllabus, 2% 
—, speed of, 362 
—, wave motion of, 28-9 
Space heating in the laboratory, 180 
Spare time, use of in class, 133-4, 
“Sparks, Clectric, voltages of, 365 
Specialization in the sciences, 21 
Specimens—see ‘Biological specimens’ 
Sprays, lesson on, 83 
Staff, specialist science, 22 
Stains, 269 o K 
Stammering children, 140 
Starch, digestion of, 105-6—and see 
‘Saliva’ K 
Stars, 116-19, 286-5 
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Stok, records of, 271-2 

—, standardized types of,¢270 

Stoppers, removal of, 266-61 ce 

Storage, organization of, 270-72, 

Store room, 177-8, 183, 200 

Style, pupils’ written, 127-8 

Subject-matter, selection of, 24-40 

Sulphuric acid, 262 

Summaries on blackboard, 80 

Sun’s latitude, when overhead at noon, 

288 Soe 

Surface tension, analogy with, 130S _ 
— e— , capillarity and, 6 « " 
s 5x values of, 357 

Suspension of magnetized knitting- 
needle, 254 DN 

— of simple pendulum, 98.3, 132-3, 
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Syllabus, the science, 24-49, 289-97  * 
—, adapted for pupils, 16, 46 
—, aims in compiling, 16, 26 
—, arbitrary adjustments of, 43 c 
—, arrangement of, 41-9 
—, astronomy in, Z3 
—, basic principles of, 24 
—, biology in, 24, 29-30 
—, central themes in, 44 z 
—, chemistry in, 25 
—, compromises in, 21 See 
—, fundamentals of, 15 
—, historical order in, 41 
—, large groupings in, 26 (f 
—, logical order in, 42. € 
—, mechanics in, 25 
—, method of compiling, 48-9 
—, Outline example of, 289-97 
Symbols, conventional, for diagrams, , 

124-6 


‘Talks’ for science clubs, 223 
Taps, gas-, 193 

—, water-, 189, 200 

Tásks, lab for pupils, 143 
Teachers, dull methods of, 136 
—, mistakes of, 70 

—, personal influence of, 71 

—, personal interests of, 18 

—, proper function of, 109 
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Teachers, tReir out-of-class" activities, 
116-19 5 
—, their part in practical lessons, 203 
Teaching, alms of? 11-13 
Ds, approach to, 50-78 
-y, historical references in, 33 
—, local examples in, 34 
—, practical work in, 12, 79-119 
—, repetition in, 50-51 
Teaching aids, 108, 202-26 
Teaching methods, 79-119 
5 , demonstration, 
85-95 
, laboratory, 95-107 
, lecture, 70-85 
, Outside’ the class 
room, 116-19 
,'project' or ‘unit’, 
107-16 
— a, variety of, 50 
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* Technical training, 32 


Telegraph, electric model, 90 
Temperament, pupils’, 17 
Temperatures, equivalent, 357-8 
Testing methods, 137. 
Tests, 135-73—ariti see "Examinations? 
—, comparison of types, 151-3 
—, correction of, 150-51 
—, importance of, 135 
—, written, 137 
Test &ypessvárious:— 
ability to generalize, 160 
application of principles, 161-3 
*completion', 147 
«diagram completion or correction, 
153-4 


drawing of conclusions, 160 
entertaining, 16970 — - 
experiniént planning, 163-4 
interpretation of evidence, 159 
local lore, 171-2 

‘logical selection’, 144 
manipulative skill, 168-70 
‘matching’, 145-6 

‘multiple choice T4 

numerical 154 — 
Observation and memory, 170 
oral long answer, 139-40 

oral short answer, 139 
problem analysis, 156 
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Test types, various (cont.):— 
proposal of hypotheses, 158 
‘quiz’, 172-3 
‘reasoning’, 146-7 
‘sense discrimination’, 145 
skill in medsurement, 166-8 
written, short answer, 144 
‘true or false’, 147-50 
‘yes or no’, 147 

Test-tube holders, 243 

Text-books, function of, 40 

—, place of, 40 

—, selection of, 39 

—, teachers’ attitude to, 39 

Thepries, based on evidence, 75 

Thermal conductivities, 36/ 

Thermometers, care of, 261 

—, weight, 244 . 

Thermoscope, 240 

Tools, list of, 330 

Topics, arrangement of, 46 

—, biological, 31 

—, extent of, 47 

—, values of, 45 

Toys, constructional, 133-4, 169, 239 

Traditional science subjects, 25 

Transformers, 90-91, 193, 243-5 

Transparencies, coloured, 93 

Transpiration, a problem on, 53-8 

Trays, fitted, for apparatus, 198 

‘Treadmill’, 35 

Triangles, structural importance of, 
84-5 


Trickle chargers, 194 

Tripods, 244 

Tropical conditions and care of appar- 
atus, 261-2 % 


Understanding, emotional bias in, 71 
—, increase in pupils’, 129 
‘Unit’ method, 44, 107-16 
Urban environment, 38 
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Values, average, 101 

Valves, as a topic, 68 
Vasculuri, 231 ® 

Velocity ratio, 115 
Ventilation, 179-80, 183 
Vernier scales, 244 

— ,t&ts on, 166-8 
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Vertebrates, 45 © Weighing, “accuracy of, 9647 
Vibrations, 132 e Weight thermometers, 244 
Vocational training, 32 D Weli-sweep, 35 z 
Voltage of cells, 364 Wheatstone's bridges 244 4 
Voltmeters, 245 Windows, laboratory, 179, 183-4 — «« 
* Wing of bat, 299 € 
Watchmakets Igns, 240 Wires, elettric, 252, 363-4 « 
Water, boiling point tables, 353, 360 Wonder, sense of, 2, 13 
—, electrolysis of, 214 Wood spirit, 263 ` 
Water supply, 180, 183-4 Work, mechanical, 28, 74, 115 
Water-taps, laboratory, 200-201 —, ‘unit’ on, 114-16 
Wave motion, 28, 45 . 
Weather records, 77-8 Zoology, 3 Se € 
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